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the experiment has been tried, no sensible parallax could 
be detected ; from which the same inference was to be 
made in their case. But a sensible parraliax of about 
one second has been ascertained in the case of the double 
star, d d, of the constellation of the Centaur,* and one of 
the third of that amount for ttie double star, 61 Cygni ; 
which gave reason to presume that the distance of the 
j(prmer might be about twenty thousand millions of miles, 
and the latter of much greater amount. If we suppose 
that similar intervals exist between all the stars we shall 
readily see that the space occupied by even the compara- 
tively small number visible to the naked eye must be vast 
beyond all powers of conception. 

The number visible to the eye is about three thousand; 
but when a telescope of small power is directed . to the 
heavens, a great number more come into view, and the 
number is ever increased in proportion to the increased 
power of the instrument. In one place, where they are 
more thickly sown than elsewhere, Sir William Herschel 
reckoned that fifty thousand passed over a field of view 
two degrees in breadth in a sinsle hour. It was first sur* 
mised by the ancient philosopher, Democritus, that the 
faintly white zone which spans tiie sky under the name 
of the Milky Way, might be only a dense collection of 
stars too remote to be distinguished. This conjecture 
has been verified by the instruments of modem astrono- 
mers, and some speculations of a most remarkable kind 
have been formed in connexion with it. By the joint 
labors of the two Herschels, the sky has been ** gauged" 
in all directions by the telescope, so as to ascer^in the 
conditions of difierent parts with respect to the frequency 
of the stars. The result has been a conviction that, as 
the planets are parts of the solar systems, so are solar sys- 
tems parts of wnat may be called astral systems — that is, 
i^stems composed of a multitude of stars, bearing a cer- 
Uiin relation to each other. The astral system to which 
we belong, is conceived to be of an oblong, flattish form, 
with a space wholly or comparatively vacant, in the cen- 
tre while the extremity to one direction, parts into two. 
The stars are most thickly sown in the outer parts of this 
vast ring, and these constitute the Milky Way. Our sun 
is believed to be placed in the southern portion of the 

' By Mr. Hendenon, Professor of Astronomj in *he Edinburgb 
4iversitj, and Lieutenant Meadows^ 



TBini ARKAirOSMXirTS AND IVRMATIOX. 7 

ting, near its inner edge, so that we are presented with 
many more stars, and see the Milky Way much more 
clearly in that direction, than towards the north, in 
which line onr eye has to traverse the vacant central 
space. Nor is this all. Sir William Herschel, so early 
as 1783, detected a motion in our solar system with re- 
spect to the stars, and announced that it was tending to- 
wards the star A, in the constellation Hercules. This has 
been generally verified by recent and more exact calcu- 
lations,* which fix on a point in Hercules, near the star 
143 of the 17th hour, according to Piozzi's catalogue, as 
that towards which our sun is proceeding. It is there- 
fore, receding from the inner edge of the ring. Motions 
of this kind, through such vast regions of space, must be 
long in producing any changes sensible to the inhabitants 
of our planet, and it is not easy to grasp their general 
character ; but grounds have nevertheless been found for 
supposing that not only our sun, but the other suns of the 
system, pursue a wavy course round the ring from west 
to east, crossing and recrossing the middle of the annular 
circle. " Some stars will depart more, others less, from 
either side of the circumference of equilibrium, according 
to the places in which the}r are situated, and according to 
the direction and the velocity with which they are put in 
motion. Our sun is probabfy one of those which depart 
lurthest from it, and descend furthest into the empty space 
within the ring.*'t According to this view, a time may 
come when we shall be much more in the thick of the 
stars of our astral system than we are now, and have ot 
course much more brilliant nocturnal skies ; but it may 
be countless ages before the eyes which are Co see this 
added resplendence shall exist. 

The evidence of the existence of other astral systems 
besides o jr own is much more decided than mieht be ex- 
pected, when we consider that the nearest of them most 
needs b« placed at a mighty interval beyond our own. 
The eld^ Herschel, directing his wonderful tube towards 
the sidu ot our system, where stars are planted most 
rarely, tl d raising the powers of the instrument to the 

* Mode by M Argelander, late director of the Observatory 
at Abo. 

t Prottesor Moisotti, on the Constitution of the Sidereal Systeni, 
pf which the San forms a part.— Xondon, Edit^rgkt and Dullkt 
•PkOoM^hiemi Magwrin^t February, 1843. 
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required pitch, was enabled with awe^struck mind to 
suspended in the vast empyrean astral systems, or, as he 
called them, firmaments, resembling our own. Like light 
cloudlets to a certain power of the telescope, they re- 
solved themselves, under a neater power, into stars, 
though these generally seemed no larger than the finest 
particles of diamond dust. The general forms of these 
systems are various ; but one at least has been detected 
as bearing a striking resemblance to the supposed form 
of our own. The distances are also various, as proved 
by the different degrees of telescopic power necessary to 
bring them into view. The farthest observed by the as- 
tronomer were estimated by him as thirty-five thousand 
times more remote than Sirius, supposing its distance to 
be about twenty thousand millions of miles. It would 
thus appear, that not only does gravitation keep our earth 
in its place in the solar system, and the solar system in its 
place m our astral system, but it also may be presumed 
to have the mightier duty of preserving a local arrange- 
ment between that astral system and an immensity of 
others, through which the imagination is left to wander on 
and on without limit or stay, save that which is given by 
its inability to grasp the unbounded. 

The two Herschels have in succession made some other 
most remarkable observations on the regions of space. 
They have found within the limits of our astral system, 
and generally in its outer fields, a great number of ob- 
jects which, from their foggy appearance, are called 
nebula ; some of vast extent and irregular figure, as that 
in the sword of Orion, which is visible to the naked eye, 
others of shape more defined ; others, again, in which 
small bright nuclei appear here and there over the surface 
Between this last form and another class of objects, which 
appear as clusters of nuclei with nebulous matter around 
each nucleus, there is but a step in what appears a chain 
of related things. Then, again, our astral space shows 
what are called nebulous stars — namely, luminous spheri- 
cal objects, bright in the centre and dull towards the ex- 
tremities. These appear to be only an advanced condi- 
tion of the class of objects above described. Finally, ne- 
bulous stars exist in every stage of corcentration, down 
to that state in which we see only a common star with i 
•light bur around it. It may be presumed that all these 
are but staji^es in a progress, just m if, seeing a child, a 
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Aojy a youth, a middle-aged, and an old man to^etber« wt 
might presume that the whole were only variations of one 
being. Are we to auppose that we have got a glimpse of 
the process through which a sun goes between its original 
condition, as a mass (^ diffused nebulous matter, and its 
full-formed state as a compact body ? We shall see how 
&r such an idea is supported by other things known 
with regard to the occupants of space, and the laws of 
matter. 

A superficial view of the astronomy of the solar sys- 
tem gives us only the idea of a vast luminous body (the 
sun) in the centre, and a few smaller, though various 
sized bodies, revolving at different distances around it ; 
some of these, again, having smaller planets (satellites) 
revolving around them. There are, however, some gene- 
ral features of the solar system which, when aprofounder 
attention makes us acquainted with them, strUce the mind 
very forcibly. 

It is, in the first place, remarkable, that the planets all 
move nearly in one plane, corresponding with the centre 
of the sun's body. Next, it is not less remarkable, that 
Ihe motion of the sun on its axis, those of the planets 
tround the sun, and the satellites around their primaries.* 
and the motions of all on their axis, are in one direction 
—namely, from west to east. Had all these matters been 
left to accident, the chances against the uniformity which 
we find would have been, though calculable, inconceiva- 
bly great Laplace states them at four millions of millions 
to one It is thus powerfully impressed on us, that the 
uniforniity of the motions, as well as their general adjust- 
ment to one plane, must have been a consequence of some 
cause acting throughout the whole system. 

Some of the other relations of the bodies are not less re* 
markable. The primary planets show a progressive in- 
crease of bulk and dimunition of density, from the one 
nearest to the sun to that which is most distant. With 
respect to the density alone, we find, taking water as a 

measure and counting it as one, that Saturn is J|, or less 

* The orbitual rftvolations of the satellites of Uraiiai have not as 
jret been eleariy scanned. It has been thought that their path is 
ntaponade compared with the rest. Perhaps this may be owing to 
a hoiiuvtrtenunt of the primary, for the inclination of its equator te 
the ecliptic is admitted to be unusually high ; but the subject is al 
together so obaeore that nothing can be founded an it. 

8 
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than half; Jupiter, ij^^ ; Mars, 3 3 ; Earth, 4j-; Vonoi^ 
5|| ; Mercury, 9^*^, or about the weight of lead. Th'^n 
the distances are curiously relative. It has been found 
that if we place the following line of numbers— 

3 6 12 24 48 96 192, 

and add 4 to each we shall have a series denoting th« 
respective distances of the planets from the sun. It wib 
stand thus — 

4 7 10 16 28 52 100 196 

Merc. Venns. Earth. Mars. Jupiter. Saturn. Uranua 

It will be observed that the first row of figures goes on 
from the second on the left hand in a succession of dupli- 
cations, or multiplications by 2. Surely there is here a 
most surprising proof of the unity which I am claiming 
for the solar system. It was remarked when this curious 
relation was first detected, that there was the want of a 
planet corresponding to 28 ; the difficulty was afterwards 
considered as in a great measure overcome, by the dis- 
covery of four small planets revolving at nearly one mean 
distance from the sun, between Mars and Jupiter. The 
distances bear an equally interesting mathematical relation 
to the times of the revolutions round the sun. It has been 
found that, with respect to any two planets, the squares o« 
the times of revolutions are to each other in the same pro- 
portion as the cubes of their mean distances — a most surpri- 
sing result, for the discovery of which the world was in- 
debted to the illustrious Kepler. Sir John Herschel truly 
observes ** When we contemplate the constituents of the 
planetary system from the point of view which this rela- 
tion afibrds us, it is no longer mere analogy which strikes 
us, no longer a general resemblance amon^ them, as indi- 
viduals independent of each other, and circulating about 
the sun, ^ch according to his own peculiar nature, and 
connected with it b^ ite own peculiar tie. The resem- 
blance is now perceived to be a true family likeneti ; they 
are bound up in one chain,interwoven in one web of mutual 
relation and harmonious agreement, subjected to one per- 
vading influence, which extends from the centre to the far- 
thest limits of that great system, of which all of them, the 
Earth included, must henceforth be regardeii as members.*" 

Connecting what has been observed of the series of 
nebulous stars with this wonderful relationship seen to 

* Astronomy, Lardner^i Cyclopedia. 
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exist among the constituents of our system, and further 
taking advantage of the light afforded by the ascertained 
laws of matter, modern astronomers have suggested the 
tollov^ng hypothesis of the formation of that s^'stem. 

Of nebulous matter in its original state we know too 
little to enable us to suggest how nuclei should be estab- 
lished in it. But supposing that from a peculiarity in its 
constitution, nuclei arc formed, we know very weU how, 
by virtue of the law of gravitation, the process of an ag- 
gregation of the neighbouring matter to those nuclei 
should proceed, until masses more or less solid should 
become detached from the rest. It is a well known law 
in physics that, when fluid matter collects towards or 
meets in a centre, it establishes a rotary motion. See 
minor results of this law in the whirlwind and the whirl- 
pool—nay, on so humble a scale as the water sinking 
through the aperture of a funnel. It thus becomes cer- 
tarn chat when we arrive at the stage of a nebulous star, 
we have a rotation on an axis commenced. 

Now, mechanical [Philosophy informs us that the in- 
stant a mass begins to rotate, there is generated a tendency 
to flin| off its outer portions — in other words, the law of 
centrifugal force begins to operate. There are, then, two 
forces acting in opposition to ear.h other, the one attaract- 
ing to, the other throwing from, ihe centre. While these 
remain exactly counterpoised, the mass necessarily con- 
tinues entire ; but the least excess of the centrifugal over 
the attractive force would be attended with the effect of 
separating the mass and its outer parts. These outer 
parts woiud then be left as a ring round the central body, 
which ring would continue to revolve with the velocity 
possessed by the central mass at the moment of separation, 
out not necessarily participating in any changes after- 
wards undergone by that body. This is a process which 
might be repeated as soon as a new excess arose in the 
eentrifugal over the attractive forces working in the pa- 
rent mass. It mi^ht, indeed, continue to be repeated, 
until the mass attained the ultimate limits of the conden* 
sation which its constitution imposed upon it. From what 
cause might arise the periodical occurrence of an excess 
of the centrifugal force ? If we suppose the agglomera- 
tion of a nebulous mass to be a process actended by refri- 
geration or cooling, which many facts render likely, we 
can easily usderstand why the outer parts, hardening 
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under thii process, might, by virtue of the greater solidity 
thence acquired, begin to present some resistance to the 
attractive force. As the solidification proce^led, this 
resistance would become greater, though there wdjlds^l 
be a tendency to adhere. Meanwhile, the condensation 
of the central mass would be going on, tending to produce 
a separation from what may now be termed the solidify" 
ing enut. During the contention between the attractions 
of these two bodies, or parts of one body, there would 
probably be a ring of attenuation between the mass and 
its crust. At length when the central mass had reached 
a certain stage in its advance towards solidification, a se- 

Saration would take place, and the crust would become a 
etached ring. It is clear, of course, that some law pre- 
siding over the refrigeration of heated gaseous bodies 
would determine the stages at which rings were thus 
formed and detached. We do not know any such law 
but what we have seen assures us it is one observing, and 
reducible to, mathematical formula. 

If these rings consisted of matter nearly uniform 
throughout, they would probably continue each in its ori- 
ginal form ; but there are many chances against their be- 
ing uniform in constitution. The uiKivoidable efiects of 
irregularity in their constitution would be to cause them 
to gather tov^ards centres of superior solidity, by which the 
annular form would, of course, be destroyed. The ring 
would, in short, break into several masses the largest (x 
which would be likely to attract the lesser into itself. 
The whole mass would then necessarily settle into asph^ 
rical form by virtue of the law of gravitation; in sho^V; 
would then become a planet revolving round the sun. 
Its rotatory motion would, of course, continue, and satel- 
lites might then lie thrown off in turn from its body in 
exactly the same way as the primary planets had been 
thrown off from the sun. The rule, if I can be allowed 
80 to call it, receives a striking support from what appears 
to be its exceptions. While there are many chances 
against the matter of the rings being sufficiently equable 
to remain in the annular form till they were consolidated, 
it might nevertheless be otherwise in some instances ; 
that is to say, the equableness might, in those instances, 
be sufficiently great. Such was probably the case with 
the two rings around the body of Saturn, which remain a 
living picture of the arrangement, if not the condition, 'm 
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which all the planetary masses at one time stood. It msf 
also be admitted that, when a ring broke up, it was possi- 
ble that the fragment might spherify separately. Such 
seems to be the actual history of the ring between Jupiter 
and Mars, in whose place we now find four planets much 
beneath the smallest of the rest in size, and moving nearly 
at the same distance from the sun^ though in orbits so el- 
liptical, and of such different planes, that they keep apart 
It has been seen that there are mathematical propor- 
tions in the relative distances and revolutions of the pla- 
nets of our system. It has also Been suggested that the 
pNeriods in the condensation of the nebulous mass, at which 
rings were disengaged, must have depended on some par> 
ticular crisis in the condition of that mass, in connexion 
with the laws of centrifugal force and attraction. M. 
Comte, of Paris, has made some approach to the verifica- 
tion of the hypothesis, by calculating what ought to have 
been the rotation of the solar mass at the successive timet 
when its surface extended to the various planetary orbits. 
He ascertained that that rotation corresponded in every 
ease tmth the actual sidereal revolution of the planets, and 
that the rotation of the primary planets in like manner 
corresponded with the orbitual periods of the secondaries. 
The process by which he arrived at this conclusion is not 
to be readily comprehended by the unlearned ; but those 
who are otherwise, alloV that it is a powerful support to 
the present hypothesis of the formation of the globes of 
space.* 

* M. Comte eembined HttfgeniPs theorems for the measures of cen- 
trifugal force with the law of gravitation, and thus formed a sim- 
ple fundamental equation between the duration of the rotation of 
what he calls the producing star, and the distance of the star pro- 
duced. The constants of this equation were the radius of the cen- 
tral star, and the intensity of gravity at its surface which is a di- 
rect consequence of its mass. It leads directly to the third law of 
Kepler, which thus becomes susceptible of being conceived a pri. 
«n in a cosmogonical point of view. M. Comte first applied it to 
the moon, and found, to his great delight, that the periodic time <rf 
Chat satellite agrees within an hour or two with the duration which 
the revolution of the earth ought to have had at the time when th« 
lunar distance formed the limit of the earth's atmosphere. He found 
the coincidence less exact, but still very striking, in every other 
case. In those of the planets he obtained for the duration of the 
corresponding solar rotation* a value always a IHtle less than their 
actual periodic times. " It is remarl(able," says he, " that this 
d^erence, though increasing as the planet is more distant, pre* 
lanret reiy naany the aame relation to the oorresp<nidi&|^ ^ttctodSft 
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The nebular h3rpothesis, as it has been called, obtahn 
a remarkable support in what would at first seem to mili* 
tate against it — the existence in our firmament of several 
thousands of solar ^stems^ in which there are more than 
one sun. These are called double and triple stars. Some 
double stars, upon which careful observaaoDS have been 
made, are found to have a regular revolutionary motion 
round each other in elipses. This kind of solar system 
has also been observed in what appears to be itsrudimen- 
tal state, for there are examples of nebulous stars contain* 
in^ two and three nuclei in near association^ At a cer-^ 
tain point io the confluence of the matter of these nebu- 
lous stars, they would all become involved in a common 
revolutionary motion, linked inextricably with each other, 
though it might be at sufficient distances to allow of each 
distinct centre having afterwards its attendant planets. 
We have seen that the law which causes rotation in the- 
single solar masses, is exactly the same which produces 
the familiar phenomenon of a small whirlpool or dimple 
in the surface of a stream. Such dimples are not always 
single. Upon the face of a river where there are various 
contending currents, it may often be observed that two or 
more dimples are formed near each other with more or less 
re^larity. These fantastic eddies, which the musing poet 
will sometimes watch abstractedly for an hour, little think* 
ing of the law which produces and conects them, are an il- 
lustration of the wonders of lunary and ternary solar sys- 
tems. 

The nebular hypothesis is, indeed, supported by so 
many ascertained features of the celestial scenery, and so 
many calculations of exact science, that it is in4)0S8iblo 
for a candid mind to refrain from giving it a cordial re- 
ception, if not to repose full reliance upon it, even with- 

time, of which it commonly forms the forty-fifth part**— showing; 
we may suppose, that only some small elements of the question 
had been overlooked by the calculator. The defect changes to an 
excess in the different systems of the satellites, where it is propor- 
tionally greater than in the planets, and unequal in the different 
systems. " From the whole of these comparisons,'* says he, "I de- 
duced the following general result : Supposing the mathematical 
limit of the solar atmosphere successively extended to the regions 
where the different ulanets are now found, the duration of the sunt 
rotation was. at eacli of those epochs, sensibly equal to that of th# 
actual sidereal revolution of the corresponding planet ; and tlMt 
lame is true for each planetary atmosphere in rolatian.tath< diSr 
rent satellites —Court it Philotophie Potit^, 
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•ut seeking for it support of any other kind. Some other 
svipport I trust yet to bring to it : but in the meantime, 
assuming its truth, let us see what idea it gives of the 
constitution of what we term the universe, of the deve- 
lopment of its various parts, and of its original condition. 

Reverting to a former illustration — if we could suppose 
a number of persons of various ages presented to the in- 
fpection of an intelligent being newly introduced into the 
world, we cannot doubt that he would soon become con- 
vinced that men had once been boys, that boys had once 
been infants, and, finally, that all had been brought into 
the world in exactly the same circumstances. Precisely 
thus, seeing in our astral system many thoiisands of worlds 
in all stages of formation, from the most rudimental to that 
immediately preceding the present condition of those we 
deem perfect, it is unavoidable to conclude that all the 
perfect have gone through the various stages which we 
see in the rudimental. This leads us at once to the con- 
clusion that the whole of our firmament was at one time a 
diffused mass of nebulous matter, extending through the 
space which it still occupies. So also, of course, must have 
been the other astral systems. Indeed, we must presume 
the whole to have been originally in one connected mass, 
the astral systems being only the first division into parts, 
and solar systems the second. 

The first idea which all this impresses upon us is, that 
the formation of bodies in space is ttill and at preunt in 
progress. We live at a time when many have been 
formed, and many are still forming, Our own solar sys- 
tem is tj^ be regarded as completed, supposing its per- 
fection to consist in the formation of a series of planets, 
for there are mathematical reasons for concluding that 
Mercury is the nearest planet to the sun, which can, ac- 
cording to the laws of tne system, exist. But there are 
other solar systems within our astral system, which are 
as yet in a less advanced state, and even some quantities 
of nebulous matter which have scarcely begun to advance 
towards the stellar form. On the other hand, there are 
vast numbers of stars which have all the appearance of 
being fully formed systems, if we are to judge from the 
complete and definite appearance which they present 
to our vision through the telescope. We have no means 
(rf* judging of the seniority of systems ; but it is reasona- 
ble to suppose that, among the many, some are older than 
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ours. There is, indeed, one piece of evidence for th» 
probability of the comparitive youth of our system, alto« 
gether apart from human traditions and the ^eognostic 
appearances of the surface of our planet. Thj^ consists 
in a thin nebulous matter, which is diffused around the 
sun to neai'ly the orbit of Mercury, of a very oblatelj 
spheroidal shape. 

This matter, which sometimes appears to our naked 
eyes, at sunset, in the form of a cone projecting upwards 
in the line of the sun*s path, and which bears the name 
of Zodiacal Light, has been thought a residuum or last 
remnant of the concentrating matter of our system, and 
thus may be supposed to indicate the comparative recent* 
ness of the principal events of our cosmogony. Suppos- 
ing the surmise and inference to be correct, and they 
may be held as so far supported by more familiar evidence, 
we might with the more confidence speak of our system 
as not amongst the elder born of Heaven, but one whose 
various phenomena, physical and moral, as yet lay unde- 
veloped, while myriads of others were fully fashioned, 
and in complete arrangement. Thus, in the sublime 
chronology to which we are directing our inquiries, we 
first find ourselves called upon to consider the globe 
which we inhabit as a child of the sun, elder than Venus 
and her younger brother Mercury, but posterior in date , 
of birth to Mars, Jupiter, Saturn, and Uranus ; next to 
regard our whole system as probably of recent formation 
in comparison with many oi the stars of our firmament. 
We must, however, be on our guard against supposing 
the earth as a recent globe in our ordinary conceptions 
of time. From evidence afterwards to be adduced, it will 
be seen that it cannot be presumed to be le^s than manj 
hundreds of centuries old. How much older Uranus may 
be, no one can tell, far less how much more aged may be 
many of the stars of our firmament, or the stars of other 
firmaments than ours. 

Another and more important consideration arises from 
the hypothesis ; namely, as to the means by which the 
grand process is conducted. The nebulous matter col- 
lects around nuclei by virtue of the law of attraction. 
The agglomeration brings into operation another physical 
law, by force of which the separate masses of matter are 
either made to rotate singly, or, in addition to that single 
motion, are set into a coupled revolMtion in ellipses. Next 
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•entrifug^ force comes into play, flinging off portions id 
the rotating masses, which become spheres by virtue ol 
the same law of attraction, and are held in orbits of revo- 
lution round the central body by means of a composition 
between the centrifugal and gravitating forces. All, we 
see, is done by certain laws of matter, so that it becomes 
a question of extreme interest, what are such laws ? All 
that can yet be said, in answer, is, that we sea certaia 
natural events proceeding in an invariable order under 
certain conditions, and thence infer the existence of some 
fundamental arrangement which, for the bringing about 
of these events, has a force and certainty of action similar 
to, but more precise and unerring than those arrange- 
ments which numan society makes for its own benefit, 
and calls laws. It is remarkable of physical laws, that 
we see them operating on every kind of scale as to mag- 
nitude, with the same regularity and perseverance. The 
tear that falls from childhood's cheek is globular, through 
the efficacy of that same law of mutual attraction of par- 
ticles which made the sun and planets round. The rapidi- 
ty of Mercury is quicker than that of Saturn, for the same 
reason that, when we wheel a ball round by a string and 
make the string wind up round our fingers, the baU al- 
ways flies quicker and quicker as the smng is shortened 
Two eddies in a stream, as has been stated, fall into a mu- 
tual revolution at the distance of a couple of inches, 
through the same cause which makes a pair of suns link 
in mutual revolution at the distance of millions of miles. 
There is, we might say, a sublime simplicity in this indif- 
ference of the grand regulations to tne vastness or mi- 
nuteness of the field of their operation. Their bein^ uni- 
form, too, throughout space, as far as we can scan it, and 
their being so unfailing in their tendency to operate, so 
that only the proper conditions are presented, afibrd to 
our minds matter for the ^vest consideration. Nor should 
it escape our careful notice that the regulations on which 
all the laws of matter operate, are established on a rigidly 
ac-curate mathematical basis. Proportions of numbers 
and eeometricsd figures rest at the bottom of the whole. 
All Uiese considerations, when the mind is thoroughly 
prepared for them, tend to raise our ideas with respect to 
the character of physical laws, even though we do not go 
a single step further in the investigation. But it is im* 
possible for an intelligent mind to stoo there. We ad* 
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ranee from law to the cause of law, and ask. What it 
that ? Whence have come all these beautiful regulatiomi ? 
Here science leaves us, but only to conclude, from other 
grounds, that there is a First Cause to which all others 
are secondary and ministrative, a primitive almighty- will, 
of which these laws are merely the mandates. That great 
Bein^, who shall say where is his dwelling-place, or what 
his history ! Man pauses breathless at the contemplation 
of a subject so much above his finite faculties, and onlj 
can wonder and adore ! 



CONSTITUENT MATERIALS OF THE EARTH, 

AJTD OF THE OTHER BODIES OF SPACE. 

The nebular hypothesis almost necessarily supposea 
matter to have originally formed one mass. We nave 
«een that the same physical laws preside over the whole. 
Are we also to presume that the constitution of the whole 
was uniform ? — that is to say, that the whole consisted of 
similar elements. It seems difficult to avoid coming to 
this conclusion, at least under the qualification that, pos- 
sibly, various bodies, under peculiar circumstances, at- 
tending their formation, may contain elements which are 
wanting, and lack some which are present, in others, or 
that some may entirely consist of elements in which others 
are entirely deficient. 

What are elements ? This is a term applied by the 
chemist to a certain limited number of substances (fifty- 
four or fifty-five are ascertained,) which, in their combi- 
nations, form all the matters of every kind present in and 
about our globe. They are called elements, or simple 
substances, because it has hitherto been found impossible 
to reduce them into others, wherefore they are presumed 
to be the primary bases of all matters. It has, indeed, 
been surmised that these so-called elements are only 
modifications of a primordial for/n of matter, brought 
about under certain conditions ; but if this should prove 
to be the case, it would little affect the view which we 
are taking of cosmical arrangements. Analogy would 
lead us to conclude that the combinations of the primoi* 
dial matter, forming our so-called elements, are as uni* 
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fenal, or as liable to take place everywhere, as are the 
laws of gravitation and centrifu^ force. We must 
therefore presume that the gases, the metals, the earthji, 
and other simple substances (besides whatever more oi 
which ^ e have no acquaintance) exist, or are liable to 
come into existence under proper conditions, as well in 
the astral system, which is thirty-five thousand timet 
more distant than Sirius, as within the bounds of our own 
solar system or our own globe. 

Matter, whether it consists of about fifty- five ingredi- 
ents, or only one, is liable to infinite varities of conaition 
under difierent circumstances, or to speak more philoso- 
phically under different laws. As a familiar illustration, 
water, when subjected to a temperature under 32^ Fahren- 
heit, becomes ice; raise the temperature to 212^ and it 
becomes steam, occupying a vast deal more space than it 
form'*rly did. The gasses, when subjected to pressure 
becofie liquids; for example, carbonic acid gas, when 
•ubj(.*cted to a weight equal to a column of water 1230 
feet high, at a temperature of 32^, takes this form ; the 
other gasses require various amounts of pressure for this 
transformation, but all appear to be liable to it when the 
pressure proper in each case is administered. Heat is a 
power greatly concerned in regulating the volume and 
other conditions of matter. A chemist can reckon with 
considerable precision what additional amount of heat 
would be required to evaporize all the water of our globe ; 
how much more to disengage the oxygen which id aifi\is- 
ed in nearly a proportion of one-half throughout its so- 
Uds ; and, finally, how much more would be required to 
cause the whole to become vaporiform, which we may 
consider as equivalent to its being restored to its original 
nebulous state. He can calculate with equal certainty 
what would be the effect of a considerable diminution of 
the earth's temperature — what changes would take place 
in each of its component substances, and how much the 
whole would shrink in bulk. 

The earth and all its various substances have at present 
a certain volume in consequence of the temperature which 
actually exists. When, then, we find that its matter and 
that of the associate planets, was at one time diffused 
throughout the whole space now circumscribed by the orbit 
of Uranus, we cannot doubt, after what we know of the 
power of heat, that the nebulous form of matter waa %JU 
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tended by the condition of a very hijB^h temperature. *nie 
nebulous matter of space, previously to the formation ol 
stellar and planetary bodies, must have been a universal 
Fire Mist, an idea which we can scarcely comprehend, 
though the reasons for arriving at it seem irresistible. 
The formation of systems out of this matter implies i 
change of some kind with regard to the condition of the 
heat Had this power continued to act with its full ori- 
ginal repulsive energy, the process of ,^glomeration by 
attraction could not have gone on. We do not know 
enough of the laws of heat to enable us to surmise how 
the necessary change in this respect was brought about, 
but we can trace some of the steps and consequences of 
the process. Uranus would be formed at the time when 
the heat of our system's matter was at the greatest, Saturn 
at the next and so on. Now this tallies perfectly with 
the exceeding diffuseness of the matter of those elder pla- 
nets, Saturn being not more dense or heavy than the sub- 
stance cork. It may be that a sufficiency of heat, still re- 
mains in those planets to make up for their distance 
from the sun, and the consequent smallness of the heat 
which they derive from his rays. And it may equally 
be, since Mercury is twice the density of the earth, that 
its matter exists under a degree of cold for which that 
planet's large enjoyment of the sun's rays is no more than 
a compensation. Thus there may be upon the whole, a 
nearly equal experience of heat amongst all these chil- 
dren of the sun. Where, meanwhile, is the heat once 
diffused through the system over and above what remain! 
in the planets ? May we not rationally presume it to havt 
gone to constitute that luminous envelope of the sun, it 
which his warmth-giving power is now held to reside. If 
could not be destroyed — it cannot be supposed to have 
gone off into space^ — it must have simply been reserved 
to constiiute, at the last, a means of sustaining the man^f 
operations of which the planets were destined to be th« 
theatre. 

The tendency of the whole of the preceding considera- 
tions is to bring the conviction that our globe is a specimen 
of all the similarly-placed bodies of space, as respects its 
constituent matter and the physical and chemical laws 
governioz it, with only this (qualification, that there are 
moMsibly shades of variat'/'n with respect to the component 
ccaterials, and undoubttdly with respect to the conditiow 
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onder which the laws operate, and consequently the ef» 
fects which they produce. Thus, there may be substan- 
ces here which are not in some other bodies, and substances 
here solid may be elsewhere liquid or raporiform. We are 
the more entitled to draw such conclusions,seeing that there 
is nothing at all singular or special in the astronomical si- 
tuation of the earth. It takes its place third in the series of 
planets, which series is only one of numberless other sys- 
tmes forming one group. It is strikingly, if I may use such 
an expression, a member of a democracy. Hence, we cannot 
suppose that there is any peculiarity about it which does not 
prooably attach to multitudes of other bodies, in fact, to all 
that are analogous to it in respect of cosmical arrangements. 

It therefore becomes a point of great interest— what are 
the materials of this specimen ? What is the constitu- 
tional character of this object, which may be said to be 
a sample, presented to our immediate observation, of those 
cr6w(» of worlds which seem to us as the particles of the 
desert sand-cloud in number, and to whose profusion there 
are no conceivable local limits ? 

The solids, liquids, and aeriform fluids of our globe are 
all, as has been stated, reducible into fifty- five substances 
hitherto called elementary. Six are . gases ; oxygen, hy- 
drogen, and nitrogen being the chief. Forty-two are 
metals, of which eleven are remarkable as composing, in 
combination with oxygen, certain earths, as magnesia 
lime, alumin. The remaining six, including carbon, si- 
licon, sulphur, have not any general appellation. 

The gas oxygen is considered as by far the most abun- 
dant substance in our globe. It constitutes a fifth part of 
our atmosphere, a third part of water, and a large propor- 
tfon of every kind of rock in the crust of the earth. Hy- 
drogen, which forms two-thirds of water, and enters into 
some mineral substances, is perhaps next Nitrogen, ot 
jrhich the atmosphere is four-fifths composed, must be 
considered as an abundant substance. The metal silicium 
which unites with ox}'gen in nearly equal parts to form 
fiilica, the basis of nearly hali of the rocks in the earth's 
crust, is, of course, an important ingredient. Aluminium 
the metallic basis of alumin, a large material in many 
recks, is another abundant elementary substance. So, 
also, is carbon, a small ingredient in the atmosphere, but 
the chief constituent of animal and vegetable substances^ 
uid of all fossils which ever were in the latter conditiont 
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tmongst which coal takes a conspicuous place. The H- 
niiliarly-knowD metals, as iron, tin, lead, silver, gold, an 
elements of comparatively small magnitude in that exte* 
rior part of the earth's body which w& ore able to inve^ 
tigate. 

It is remarkable of the simple substances that they aitt 
generally in some compound form. Thus, oxygen and 
nitrogen, though in union they form the aerial envelope 
of the globe, are never found separate in nature. Carbon 
is pure only in the diamond. And the metallic bases ot 
the earths, though the chemist can disengage them, may 
well be supposed unlikely to remain long uncombined, 
seeinj^ that contact with moisture makes them burn. Com- 
bination and re-combination are principles largely pervad- 
ing nature. There are few rocks, for example, tnat are 
not composed of at least two varieties of matter, each of 
which is again a compound of elementary substances. 
What is stin more wonderful with respect to this princi- 
ple of combination, all the elementary substances observe 
certain mathematical proportions in their unions. One 
Volume of them unites with one, two, three, or more vo- 
lumes of another, any extra quantity being sure to be left 
over, if such there should be. It is hence supposed that 
matter is composed of infinitely minute particles or atoms, 
each of which belonging to any one substance, can only 
(through the operation of some as yet hidden law) asso- 
ciate with a certain number of the atoms of any other. 
There are also strange predilections amonst substances for 
each other's company. One will remain combined in so- 
lution with another, till a third is added, when it will aban- 
don the former and attach itself to the latter. A fourth be- 
ing added, the third wiU perhaps leave the first and join 
the new comer. 

Such is an outline of the information which chemis^ 
gives us reading the constituent materials of our globe. 
How infinitely is the knowledge increased in interest 
when we consider the probability of such being the mate- 
rials of the whole of the bodies of space, and the laws un- 
der which these everywhere combine, subject only to lo- 
cal and accidental variations. 

In considering the cosmogpnic arrangements of our 
globe, our attention is called in a special degree to the 
Dioon. 

In the DAbular hypothesis, satellites tore considered Ai 
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masses thrown off from their primaries, exactly as the 
primaries had previously been from the sun. The orbit 
of any satellite is also to be regarded as marking the 
bounds of the mass of the primary at the time when that 
satellite was thrown off; its speed likewise denotes the 
rapidity of the rotatory motion of the primary at that par- 
ticular juncture. For example, the outermost of the four 
satellites of Jupiter revolves round his body at the distance 
of 1,180,582 miles, showing that the planet was once 
3,675,501 miles in circumference, instead of being, as now 
only 89,170 miles in diameter. This large mass took ra- 
ther more than sixteen days six hours and a half (the pre- 
sent revolutionary period of the outermost satellites) to ro 
tate on its axis. The innermost satellite must have been 
formed when the planet was reduced to a circumference 
of 309,075 miles, and rotated in about forty-two hours and 
a half. 

From similar inferences, we find that the mass of the 
^arth, at a certain point of time, after it was thrown off 
from the sun, was no less than 482,000 miles in diameter, 
being sixty times what it has since shrunk to. At that 
time the mass must have taken rather more than twenty- 
nine and a half days to rotate, (being the revolutionary 
period of the moon,) instead of, as now, rather less than 
twenty-four hours. 

The time intervening between the formation of the 
moon and the earth's diminution to its present size, was 
probably one of those vast sums in which astronomy deals 
so largely, but which the mind altogether fails to grasp. 

The observations made upon the surface of the moon 
by telescopes tend strongly to support the hypothesis as 
to all the bodies of space being composed of similar mat- 
ters subicct to certain variations. It does not appear that 
our satellite is provided with that gaseous envelope which, 
on earth, performs so many important functions. Neither, 
is there any appearance of water upon the surface ; yet 
that surface is, like that of our globe, marked by ine- 
qualities and the appearance of volcanic operations. 
These inequalities and volcanic operations are upon a 
scale far greater than any which now exist upon the 
earth's surface. Although, from the greater force of 
gravitation upon its exterior, the mountains, other cir- 
cumstances being equal, might have been expected to be 
much smaller than ours, they are, in many instances. 
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equal in height to nearly the highest of our Andes. They 
are generally of extreme steepness, and sharp of outline, 
a peculiarity which might be looked lor in a planet defi- 
cient in water and atmosphere, seeing that these are the 
agents which wear down ruggedness on the surface of our 
earth. The volcanic operations are on a stupendous scale. 
They are the cause of the bright spots of the moon, while 
the want of them is what distinguisnes the duller portions, 
usuall^r but erroneously called Has. In some parts, bright 
volcanic matter, besides covering one large patch, radiates 
out in long streams, which appear studded with subordi- 
nate foci of the same kind of ener^. Other objects of a 
most remarkable character are nng-mountains, mounts 
like those of the craters of earthly volcanoes, surrounded 
immediately by vast and profound circular pits, hollowed 
under the general surface, these a^in being surrounded 
by a circular wall of mountain, rising far above the cen- 
tral one, and in the inside of which are terraces about the 
same height as the inner eminence. The well-known 
bright spot in the south-east quarter, called by astrono- 
mers, Tycho, and which can be readily distinguished by 
the naked eye, is one of these ring-mountains. There is 
one of 200 miles in diameter, with a pit 22,000 feet deep ; 
that is, twice the height of Etna. It is remarkable, that 
the maps given by Humboldt of a volcanic district in 
South America, and one illustrative of the formerly vol- 
canic district of Auvergne, in France, present features 
strikingly like many parts of the moon's surface, as seen 
through a good glass. 

These characteristics of the moon forbid the idea that 
it can be at present a theatre of life like the earth, and 
almost seem to declare that it never can become so. But 
we must not rashli^ draw any such conclusions. The 
moon may be only in an earlier stage of the progress 
through which the earth has alread.y gone. The elementi 
which seem wanting may be only in combinations difi^ 
rent in those which exist here, and may yet be deve- 
loped as we here find them. Seas may yet fill the profound 
hollows of the surface ; an atmosphere may spread over 
the whole. Should these events take place, meteorological 
phenomena, and all the phenomena of organic life will 
commence, and the moon, like the earth, will become a 
green and inhabited world. 

It is unavoidably held as a strong proof in .^vor of any 
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Hypothesis, when til the relative phenomena are in har 
mony with it. This is eminently the case with the nebu- 
lous hypothesis, for here the associated facts oannot ba 
explained on any other supposition. We have seen rea- 
son to conclude that the primary condition of matter waf 
that of a diffused mass, in which the component molecules 
were probably ke{>t apart through the efficacy of heat : 
that portions of this agglomerated into suns, which threw 
off planets ; that these planets were at first very much 
diffused, but gradually contracted by cooling to their 
present dimensions. Now as to our own globe, there is a 
remarkable proof of its having been in a fluid state at the 
time when it was finally solidifying, in the fact of its be- 
ing bulged at the equator, the very form which a soft re* 
volving body takes, and must inevitably take, under the 
influence of centrifugal force. This bulging makes the 
equatorial exceed the polar diameter as 230 to 229, which 
has been demonstrated to be precisely the departure from 
a correct sphere which might be predicted from a know- 
ledge of the amount of the mass and the rate of rotation. 
There is an almost equally distinct memorial of the original 
high temperature of the materials, in the store of heat which 
still exists in the interior. The immediate surface of the 
earth, be it observed, exhibits only the temperature which 
might be expected to be imparted to such materials, by 
the heat of the sun. There is a point very short way down, 
but varying in different climes, where all effects from the 
sun's rays ceases. Then, however, commences a tempe- 
rature from an entirely different cause, one which evi- 
dently has its source in the Interior of the earth, and 
which regularly increases as we descend to greater and 
greater depths, the rate of increment being about one de- 
gree Fahrenheit for every sixty feet ; and of this high 
temperature there are other evidences in the phenomena 
of volcanoes and thermal springs, as well as in what if 
ascertained with regard to the density of the entire mast 
of the earth. This, it will be remembered, is four and a 
half times the weight of water ; but the actual weight of 
the principal solid substances composing the outer crust 
if as two and a hau times the weight of water ; and this, 
we know, if the globe were solid and cold, should increase 
vastly towards the centre, water acquiring the density ot 

auicksilver at 362 miles below the surface, and other 
lioKS m proportion, and these densities becoming much 

3 
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greater at greater depths ; so that the entire mass of a 
coo! globe should be of a gravity infinitely exceeding 
fou? and a half times the weight of water. The only al- 
ternative supposition is, that the central materials are 
greatly expanded or diffased by some means; and by 
what means could they be so expanded but by heat ! In- 
deed, the existence of this central heat, a residuum of 
that which kept all matter in a vaporiform chaos at first, 
is amongst the most solid discoveries of modem science,* 
and the support which it gives to Herschel's explanation 
of the formation of worldis is most important. We shall 
hereafter see what appear to be traces of an operation of 
this heat upon the surface of the earth in very remote 
times ; an effect, however, which has long passed entirely 
aviray. The central heat has. for ages, reached a fixed 
point, at which it will probably remain for ever, as the 
non-conducting quality of the cool crust absolutely pre- 
vents it from suffering any diminution. 



THE EARTH FORMED—ERA OF THE PRIMARr 

ROCKS. 

Although the earth has not been actually penetrated 
to a greater depth than three thousand fee^ the nature 
of its substance can, in many instances, be inferred for 
the depth of many miles by other means of observation. 
We see a mountain composed of a particular substance, 
with strata, or beds of other rock, lying against its slopexi 
sides: we, of course, infer that the substance of the 
mountain dips away under the strata which we see lying 
against it. Suppose that we walk away from the moun- 
tain across the turned up ed^es of the stratified rocks, and 
that for many miles we continue to pass over other stra- 
tified rocks, all disposed in the same way, till by and b^e 
we come to a place where we begin to cross the opposite 
edges of the same beds ; after which we pass over these 
rocks all in reverse order, till we come to another exten- 
sive mountain composed of similar matterial to the first, 
and shelving away under the strata in the same way. We 
should then infer, that the stratified rocks occupied a ba- 

* Tbe reseaxches on this subject were conducted chiefly by thft 
late Baron Fourier, perpetual secretary to the Academy of Seknoes 
•f Paris See his TfuoruJiniilytiqut de la CkaUur, 1893 
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MD formed by the rock of these two mountains, and by 
nlculating the thickness right through these strata, could 
be able to say to what depth the rock of the mountain 
extended below. By sucn means, the kind of rock exist- 
in^ many miles below the surface can often be inferred 
with considerable confidence. 

The interior of the globe has now been inspected in this 
way in many places, and a tolerably distinct notion of its 
general arrangements has consequently been Arrived at. 
It appears that the bMis rock of the esjrth, ts it may be 
called, is of hard texture, and crystalline in its constitu- 
tion. Of this rock granite may be said to be the type, 
though it runs into many varieties. Over this, except 
in the comparitively few places where it projects above 
the general level in mountains, other rocks are disposed 
in sheets or strata, with the appearance of having been 
deposited originally from water ; but these last rocks have 
nowhere been allowed to rest in their original arrange- 
ment Uneasy movements from below have broken them 
up in great inclined masses, while in many cases there 
has been projected through the rents rocky matter more 
or less resembling the great inferior crystalline mass. 
This rocky matter must have been in a state of fusion at 
the time of its projection, for it is often found to have run 
into and filled up lateral chinks in these rents. There are 
even instances where it has been rent again, and a newer 
melted matter of the same character sent through the ope- 
ning. Finally, in the crust as thus arranged there are, in 
many places, chinks containing veins of metal. Thus, 
there is first a great inferior mass, composed of crystalline 
rock, and probably resting immediately on the fused and 
expanded matter of the interior : next, layer or strata of 
aqueous origin ; next, irregular masses of melted inferior 
rock that have been sent up volcanically and confusedly 
at various times amongst the aqueous rocks, breaking up 
these into masses, and tossing them out of their original 
levels. This is an outline of ^e arrangements of the crust 
of the earth, as far as we can observe it It is, at first 
sight, a most confused scene ; but after some careful ob- 
servation, we readily detect in it a regularity and order 
from which much instruction in the history of our globe 
is to be derived. 

The deposition of the aqueous rocks, and the projection 
of the volcanic, have unque8tio]uJ>ly ^en place since the 
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■etiiement of the earth in its present form.^ They treln 
deed of an order of events which we see going on, under 
the agency of more or less intelligible causes, even down 
to the present day. We may therefore consider them ge- 
nerally as comparatively recent transactions. Abstracting 
them from the investigations before us, we arrive at th« 
idea of the earth in its first condition as a globe of its pre- 
sent size — namely, as a mass, externally at least, consist- 
ing of the crystalline kind of rock, with the waters of the 
present seas and the present atmosphere around it, though 
these were probably in considerably diffisrent conditions, 
both as to temperature and their constituent materials 
from what they now are. We are thus to presume that 
that crystalline texture of rock which we see exemplified 
in granite is the condition into which the great bulk of 
tile solids of our earth were agglomerated directly from the 
nebulous or vaporiform state. It is a condition eminently 
of combination, for such rock is invariably composed of 
two or more of four substances — silica, mica, quartz and 
hornblende — which associate in it in the form of grains or 
crystals, and which are themselves each composed of a 
group of the simple or elementary substances. 

Judging from the results and from still remaining? con- 
ditions, we must suppose that the heat retained in the in- 
terior of the globe was more intense, or had ereater free- 
dom to act in some placed than in others. These became 
the scenes of volcanic operations, and in . time marked 
their situations by the extrusion of traps and basalts firam 
below — namely, rocks composed of the crystalline matter 
tUsed by intense heat, and developed on the surface in 
various conditions, according to the partiular circumrtan* 
ces under which it was sent up ; some, for example, be- 
ing thrown up under water, and some in the open air, 
which conditions are found to have made considerable 
difference in its texture and appearance. The great storei 
of subterranean heat also served an iinportant purpose in 
the formation of the aqueous rocks. These rocks migh^ 
according to Sir JohnHerschel, become subject to heat in 
the following manner ; — ^While the surface of a partica- 
lar mass of rock forms the bed of the sea, the heat is kept 
at a certain distance from that surface by the contact oi 
the water ; philosophically speaking, it radiates away the 
heat into the sea, and (to resort to common language) Im 
cooled a good way down. But when new sediment est* 
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Oes at the bottom of that sea, the heat rises up to what 
was formerly the surface ; and when a second quantity of 
sediment is laid down, it continues to rise through the 
first of the deposits, which then becomes subjected 
to those changes which heat is calculated to produce. 
This process is precisely the same as that of putting ad- 
ditional coats 'ipon our own bodies ; when, of course, the 
internal heat rises through each coat in succession, and 
the third (supposing there is a fourth above it) becomes 
as warm as perhaps the first originally was. 

In speaking of sedimentary rocks, we may be said to be 
anticipating. It is necessary, first, to show how such 
rocks were formed, or how stratification commenced. 

Geology tells us as plainly as possible that the original 
crystalline mass was not a perfectly smooth ball, with air 
and water playing round it. There were vast irregulari- 
ties in the surface — irregularities trifiing, perhaps, com- 
pared with the whole bulk of the globe, but assuredly vast 
m comparison with any which now exist upon it. These 
irre^larities might be occasioned by inequalities in the 
coolmg of the substance, or by accidental and local slug- 
gishness of the materials, or by local effects of the con- 
centrated internal heat. From whatever cause they arose, 
there they were, enormous granitic mountains, intespersed 
with seas which sunk to a depth equally profound, and 
by which, perhaps, the mountains were wholly or par- 
tially covered. Now, it is a fact of which the very first 
principles of geology assure us, that the solids of the globe 
cannot for a moment be,exposed to water, or to the atmos- 
phere, without becoming liable to change. They instantly 
b^in to wear down. This operation, we may be assured, 
proceeded with as much certainty in the earliest ages of 
our earth's history, as it does now, but upon a much more 
magnificent scale. There is the clearest evidence that the 
seas of those days were not in some instances less than a 
hundred miles m depth, however much more. The sub- 
aqueous mountains must necessarily have been of at least 
equal magnitude. The system of disintegration consequent 
upon such conditions would be enormous. The matters 
worn off, being carried into the neighboring depths, and 
there deposited, became the components of the earliest 
stratified rocks, the first series of which is the GneUaand 
Mica Slate Stfttem, or series, examples of which are ex- 
posed to view in the Highlands of Scotland and in thA 
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West of England. The vast thickness of these beds, in 
some instances, is what attests the profoundness of the 
primeval oceans in which they were formed; the Pennsyl- 
vanian grawacke, a member of the next highest series, is 
not less than a hundred miles in direct thickness. We 
have also evidence that the earliest strata were formed in 
the presence of a stronger degree of heat than what ope- 
rated in subsequent stages of the world, for the laminas 
of the gneiss and of the mica and chlorite scists are con- 
torted in a way which could only be the result of a very 
high temperaticire. It appears as if the seas in which 
these deposits were formed, had been in the troubled state 
of a caldron of water nearly at boiling heat Such a con- 
dition would probably add not a little to the disintegra- 
ting power of the ocean. 

The earliest stratified rocks contain no matters which 
are not to be found in the primitive ^anite. They are the 
same in material, but only changed into new forms and 
combinations ; hence they have been called by Mr. Lyell, 
metamorphic rocks. But how comes it that some of theip 
are composed almost exclusively of one of the materials of 
granite; the mica schists, for example, of mica — the 
quartz rocks, of quartz, &c. ? For this there are both 
chemical and mechanical causes. Suppose that a river 
has a certain quantity of material to carry down, it is evi- 
dent that it will soonest drop the larger particles, and 
carry the lightest farthest on. To fuch a cause it is owing 
that some of the materials of the worn*down granite have 
settled in one place and some in anoUier.* Again, some 
of these materials must be presumed to have oeen in a 
state of chemical solution in the primeval seas. It would 
be, of course, in conformity wiUi chemical laws, that cer- 
tain of these materials woiUd be precipitated singly, or in 
modified combinations, to the bottom^ so as to form rocks 
by themselves. 

The rocks hitherto spoken of contain none of those 
petrified remains of vegetables and animals which abound 
so much in subsequently formed i ocks, and tell so won- 
drous a tale of the past history of our globe. They sim- 
ply contain, as has been said, mineral materials derived 
from the primitive mass, and which appear to have been 
formed into strata in seas of vast deptn. The absence 
from these rocks of all traces of vegetable and animal lif€> 
* DeUbeche^ Geological Retearches. 
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foined 1o a consideration of the excessive temperatura 
fdiich teems to have prevailed in their epoch, has led to 
the inference that no plants or animals of any kind then 
existed. A few geologists have indeed endeavored to 
show that the absence of organic remains is no proof of 
the globe having been then UDfruitful or uniobabited, as 
the heat to which these rocks have been subjected at the 
time of their solidification, might have obliterated any re- 
mains of either plants or animals which were included 
in them. But this is only an hypothesis of negation ; 
and it certainly seems very unlikely that a degree of heat 
sufficient to obliterate the remains of plants or animals 
when dead, would ever allow of their coming into or 
continuing in existence. 
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COMMENC EMENT OF ORGANIC LIFE— SEA 
PLANTS, CORALS, ETC. 

We can scarcely be said to have passed out of these 
rocks, when we begin to find new conditions in the earth. 
It is here to be observed that the subsequent rocks are 
formed, in a great measure, of matters derived from the 
substance of those which went before, but contain also 
beds of limestone, which is to no small extent composed 
of an ingredient which has not hitherto appeared. Lime 
stone is a carbonate of lime, a secondary compound of 
which one of the ingredients, carbonic acid gas, presents 
the element carbon, a perfect novelty in our process. 
Whence this substance ? The question is the more inte- 
restinsf, from our knowing that carbon is the main ingre- 
dient m organic things. There is reason to believe that 
its primev^ condition was that of a gas, confined in the 
interior of the earth, and difibsed in the atmosphere. The 
atmosphere still contains about a two-thousandth part ot 
carbonic acid gas, forming the grand store from which the 
substance of each year's crop of herbage and grain is de- 
rived, passing from herbage and grain into animal sub 
etance, and from animals again rendert I back to the atmo- 
sphere in their expired breath, so that its amount is never 
impaired. Knowme this, when we hear of carbon begin- 
ning to appear in the ascending series of rocks. We are 
ynavoidaoly led to consider it as marking a time of some 
importance in the earth's history, a new era oi natural 
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conditions, one in which organic life has probably playo^ 
a part. 

It is not easy to suppose that, at mis period, carbon wai 
adopted directly in its gaseous form into rocks ; for, if so* 
why should it not have been taken into earlier ones also ? 
But we know that plants take it in, and transform it into 
substance ; and we also know that there are classes of 
animals (marine polypes) which are capable of appropri- 
ating it, in connection with lime (carbonate of lime) 
from the waters of the ocean, provided it be there in solu- 
tion ; and this substance do these animals deposit in mass- 
es (coral reefs) equal in extent to many strata. It has even 
been suggested, on strong grounds of probability, that a 
class of hmestone beds are simply these reefs subjected 
to subsequent heat and pressure. 

The appearance, then, of limestone beds in the early part 
of the stratified series, may be presumed to be connected 
with the j&ict of the commencement of organic life upon 
our planet, and, indeed, a consequent and a symptom of it 

It may not be out of place here to remark, that carbon 
is presumed to exist largely in the interior of the earth, 
from the fact of such considerable quantities of it issuing 
at this day, in the form of carbonic acid gas, from fissures 
and springs. The primeval and subsequent history of this 
element is worthy of much attention, and we shall have 
to revert to it as a matter greatly concerning our subject 
Delabeche estimates the quantity of carbonic acid gas 
locked up in every cubic yard of limestone, at 16,000 
cubic feet. The quantity locked up in coal, in which it 
forms from 64 to 75 per cent., must also be enormous. 
If all this were disengaged in a gaseus form, the constitu- 
tion of the atmosphere would undergo a change, of which 
the first effect would be the extinction of life in all land 
animals. But a large proportion of it must have at 
one time been in the atmosphera The atmosphere would 
then, of course, be incapable of supporting life in land 
animals. It is important, however, to observe that such 
an atmosphere would not be inconsistent with a luxuriant, 
land vegetation ; for experiment has proved that plants 
will flourish in air containing one-twelfth of this gas, or 
166 times more than the present charge of our atmosphere. 
The results which we observe are perfectly consistent 
with, and may be said to presuppose an atmosphere highly 
charged with this gas, from about the close of the prima* 
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ry non-fossiliferous rocks to the termination of the car* 
boniferous series, for there we see vast deporits (coal) con- 
taining carbon as a large ingredient, while at the same time 
the leaves of the Stone JBooA: present no record of the con- 
temporaneous existence of land animals. 

The hypothesis of the connection of the first limestone 
beds with the commencement of or^nic life upon our 
planet is sup})orted by the fact, that m these beds we find 
the first remains of the bodies of animated creatures. My 
hypothesis ma^ indeed be unsound ; but, whether or not, 
it is clear, taking organic remains as upon the whole a 
faithAil chronicle, that the deposition or these limestone 
beds was coeval with the existence of the earliest, or all 
but the earliest, living creatures upon earth. 

And what were those creatures ? It mi^ht well be with 
B kind of awe that the uninstructed inquirer would wait 
for an answer to this question. But nature is simpler than 
man's wit would make her, and behold, the interrogation 
only brings before us the unpretending forms of varioua 
zoophytes and polypes, together with a few single and 
double-valved shell- fish, (mollusks,) all of them creatures 
of the sea. It is rather surprising to find these before any 
vegetable forms, considering that vegetables appear to us 
as forming the necessary first link in the chain of nutri- 
tion ; but it is probable that there were sea plants, and 
also some simpler forms of animal life, before this period, 
although of too slight a substance to leave any fossil trace 
of their existence. 

The exact point in the ascending stratified series at 
which the first traces of organic life are to be found is not 
clearly determined. Dr. M'CuUoch states that he found 
fossil orthocerata (a kind of shell-fish) so early as the 
gneiss tract of Loch Eribol, in Sutherland ; but Messrs. 
Sedgwick and Murchison, on a subsequent search, could 
not verify the discovery. It has also been stated, that the 
gneiss and mica tract of Bohemia contains some seams 
of erawacke, in which are organic remains ; but British 
geologists have not as yet attached much importance to 
this statement. We have to look a little higher in the 
ieries for indubitable traces of organic life. 

Above the gneiss and mica slate system, or group oi 
•trata, is the Clay Slate and Grawacke Slate Syttem ; 
that is to say, it is higher in the order of supraposiiion, 
though very often it rests immediately on the primitive 
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^anite The sub-groups of this system are ix. the follow* 
ing succession upwards : — L, hornblende slate ; 2, chiasto- 
lite slate; 3, clay slate; 4, Snowdon rocks (grawacke 
and conglomerates) ; 5, Bala limestone ; 6, Plynlymmon 
rocks, (grawacke and grawacke slates, with beda of con- 
glomerates.) This system is largely developed in the 
west and north of England, and it has been well examined, 
partly because some of the slate beds are extensively 
quarried for domestic purposes. If we overlook the dubi- 
ous statements respecting Sutherland and Bohemia, we 
have in this ** system" the first appearances oi life upon 
our planet The animal remains are chiefly confined to 
the slate beds, those named from Bala, in Wales, being 
the most prolific. Zoophyta, polyparia^ erinoidea, con^ 
chifera^ and crustaeeat* are the orders of the animal king- 
dom thus found in the earliest of earth's sepulchres. The 
orders are distinguished without difficulty, from the ge- 
neral characters of the creatures whose remains are found ; 
but it is only in this general character that they bear a ge- 
neral resemblance to any creatures now existing. When we 
come to consider specific characters, we see that a diffe- 
rence exists — that, in short, the species and even genera 
are no longer represented upon earth. More than this it 
will be found that the earliest species comparatively soon 
gave place to others, and that they are not represented 
even in the next higher group of rocks. One important 
remark has been made, that a comparatively small variety 
of species is found in the older rocks, although of some 
particular ones the remains are very abundant ; as, for 
instance, of a species of asaphus, which is found between 
the laminae of some of the slate rocks of Wales, and the 
corresponding rocks of Normandy and Germany, in enor< 
mous quantities. 

Ascending to the next group of rocks, we find the 
traces of life become more abundant, the number of speciee 
extended, and important additions made in certain ves- 
tiges of fuci, or sea plants, and of fishes. This group of 
rocks has been called by English geologists, the Silurian 

* In the Cumbrian limestone occur " calamonoro, lithodendra, 
cyathopfaylla, and orbicula." — Pkilips, Theasaphu* and trinncleat 
(crustacep) have been found respectively in the slate rocks ol 
Wales, and the limestone beds of the grawacke group in Bohemia 
That fragments of crinoidea, though of no determinate species oo 
enrin this system, we have the authority oi Mr. MurchisoBw^ 
Silurian SysUni,]^ 710 
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Sifstemt because largely developed at the Burfase of • iis- 
trict of western England, formerly occupied by a people 
whom the Roman historians called Silures. It is a se- 
ries of sandstones, limestones, and beds of shale, (harden- 
ed mud,) which are classed in the following sub-groups, 
beginning with the undermost : — 1, LlandUlo rocks (dark- 
ish calcareous flagstones ;) 2 and 3, two groups called Ca- 
radoc rocks ; 4, Wenlock shale ; 5, Wenlock limestone ; 
6, Lower Ludlow rocks (shales and limestones ;) 7, Ay- 
mestry limestone ; 8, Upper Ludlow rocks (shales and 
limestone, chiefly micaceous.) From the lowest beds 
upwards, there are polypiaria, though most prevalent in 
the Wenlock limestone; conchifera, a vast number of 
genera, but all of the order brachlpoda (including tere- 
bratula, pentamerus, spirifer, or this, leptsna;) mollusca, 
of several orders and many genera (including turritella, 
orthoceras, nautilus, bellerophon ;) Crustacea, all of them 
trilobites (including trinucleus, asaphus, calamene.) A 
little above the Llandillo rocks, there have been discover- 
ed certain convo! >Vd forms, which are now established 
as annelids, or sea-wo. ns, a tribe of creatures still exist- 
ing (nereidna and serpulina,) and which may often be 
found beneath stones on a sea-beach. One of these, figured 
by Mr. Murchison, is furnished with feet in vast numbers 
all along its body, like a centipede. The occurrence of 
annelids is important, on account of their character and 
status in the animal kingdom. They are red-blooded and 
hermaphrodite, and form a link of connexion between the 
annrulosa (white- blooded worms) and a humble class of 
the vertebrata.* The Wenlock limestone is most remarka- 
ble amongst all the rocks of the Silurian system, for or- 
ganic remains. Many slabs of it are wholly composed of 
corals, shells, and trilobites, held together by shale. It 
contains many genera of crinoidea and polypiaria, and it 
is thought that some beds of it are wholly the production 
of the Utter creatures, or are, in other words, coral reefs 
transformed by heat and pressure into rocks. Remains 
of fishes, of a very minute size, have been detected by Mr. 
Philips in the Aymestry limestone, being apparently the 
first examples of vertebrated animals which breathed upon 
OUL* planet. In the upper Ludlow rocks, remains of .six 
genera of fish have been for a longer period known ; tliey 
belong to the order of cartilaginous fishes, an order oi 
* Such as axnphioxog and myxene. 
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mean organization and ferocious habits, of which the sLatli 
and sturgeon are living specimens. ** Some were furnished 
with long palates, and squat, firmly-based teeth, well 
adapted for crushing the stronz cased zoophytes and shells 
of the period, fragments of which occur in the fiscal re- 
mains ; some with teeth that, like the fossil sharks of the 
latter formations, resemble lines of miniature pyramids, 
larger and smaller alternating; some with teeth sharp, 
thin, and so deeply serrated, that eyery indiyidual tooth 
resembles a row of poniards set up against the walls of an 
armory ; and these last says Agassiz, furnished with wea- 
pons so murderous, must have been the pirates of the peri- 
od. Some had their fins guarded with long spines, hooked 
like the beak of an eagle ; some with spines of straiter and 
more slender form, and ribbed and furrowed longitudinal- 
ly like columns ; some were shielded by an armor of bony 
points, and some thickly covered with glistening scales."* 

The traces of fuci in this system are all but sufficient 
to allow of a distinction of genera. In some parts of 
North America, extensive though thir beds of them have 
been found. A distinguished F»— acn geologist, M. Bro^- 
niart, has shown that ail existing marine plants are classi- 
fiable with regard to the zones of climate ; some being 
fitted to the torrid zone, some for the temperate, some for 
the frigid. And he establishes that the fuci of these early 
rocks speak of a torrid climate, although they may be founa 
in what are now temperate regions ; he also states Uiat 
those of the higher rocks betoken, as we ascend, a gradu- 
ally diminishing temperature. 

We thus early begin to find proofs of the general uni- 
formity of organic life over the surface of the earth, at 
the time when each particular system of rocks was form- 
ed. Species identical with the remains in the Wenlock 
limestone occur in the corresponding class of rocks in 
the Eifel, and partially in the Harz, Norway, Russia, and 
Brittany. The situations of the remains in Russia are 
fifteen hundred miles from the Wenlock beds ; but at the 
distance of between six and seven thousand from those— 
namely, in the vale of Mississippi, the same species are 
discovered. Uniformity in animal life oyer large geogra- 
phical areas, argues uniformity in the conditions of ani- 
mal life ; and hence arise some curious inferences. Spe- 
rieii, in the same low class of animals are now much moro 
« Miller^ " New WUk> in an Old Field." 
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limited; for instance, the Red Sea gives different polypi* 
iria, zoophytes, and shell-fish, from the Mediterranean. 
It is the opinion of M. Brogniart, that the uniformity 
which existed in the primeval times can only be attriba* 
ted to the temperature arising from the internal heat, 
which had yet as he supposes, been sufficiently great to 
overpower the ordinary meteorological influences, and 
■pread a tropical clime all over the globe. 

ERA OF THE OLD RED SANDSTONE- 
FISHES ABUNDANT. 

We advance to a new chapter in this marvellous histo* 
ry — the era of the Old Red Sandstone System. This term 
has been recently applied to a series oi strata of enormous 
thickness in the whole mass, largely developed in Here- 
fordshire, Shropshire, Worcestershire, and South Wales ; 
also in the counties of Fife, Forfar, Moray, Cromarty, 
and Caithness ; and in Russia and North America, if not 
in many other parts of the world. The particular strata 
forming the system are somewhat diffei^nt in different 
countries ; but there is a general character to the extent 
of these being a mixture of flagstones, marly rocks, and 
sandstones, usually of a laminous structure, with conglo- 
merates. There is also a schist showing the presence Of 
bitumen ; a remarkable new ingredient, since it is a vege- 
taAAe production. In the conglomerates, of great extent 
and tnickness, which form, in at ^east one district the 
basis or leading feature of the system, inclosing water- 
worn fragments of quartz and other rocks, we have evi- 
dence of the seas of that period having been subjected to 
a violent and long-continued agitation, probably from vol- 
canic causes. The upper members of the series bear the 
appearance of having been deposited in comparatively 
tranquil seas. The English specimens of this system 
■how a remarkable freedom from those disturbances 
which result in the interjection of trap ; and they are thus 
defective in mineral ores. In some parts of England the 
old red sandstone system has been stated at 10,000 feet in 
tiiickness. 

In this era, the forms of life which existed in the Silu- 
rian are continued : we have the same orders of marin* 



ereatarea, Eooph3rta, polypiaria, conchifera, enutacet ; but 
to these are added numerous fishes, some cf which are ai 
the most extraordinary and surprising forms. Several ol 
the strata are crowded with remains of fish, showing that 
the seas in which tho^ beds were deposited had swarmed 
with that class of inhabitants. The investigation of this 
system is recent ; but already^ M. Agaasiz has acertained 
about twenty genera, and thrice the number of speciec. 
And it is remarkable, that the Silurian fishes are here only 
represented in genera; the whole of the ^peeiet of that 
era had already passed away. Even throughout the sub- 
groups of the system itself, the species are changed ; and 
these are phenomena observed throughout all the subse- 

2uent systems of geological eras ; apparently arguing that, 
uring the deposition df all the rocks, a gradual change of 
physical conditions was constantly going on. A varving 
temperature, or even a varying depth of sea, would s3 
present be attended with similar changes in marine life ; 
and by analogy, we are entitled to assume, that such vari- 
ations in the ancient seas might be amongst the causes ol 
that constant change of genera and species in the inahal^ 
tants of those seas, to which the organic contents of the 
rocks bear witness. 

Some of the fossils of this system — the cephalaspitt 
coccosteus, pterichthys, holoptychius — are, in Torm and 
structure, entirely different from any fishes now existing; 
only the sturgeon family having any trace of affinityto 
them in any respect. They seem to form a SOTt oi con- 
necting link between the Crustacea and true fishes. 

The cephalaspU may be considered as making the small- 
est advance from the crustacean character ; it very much 
resembles in form the asaphus of lower formations, having 
a longish tail-like body inserted within the cusp of a lam 
crescent-shaped head, somewhat like a saddler's cutting- 
knife. The Dody is covered with strong plates of bone, 
enamelled, and the head was protected on the upper side 
with one large plate, as with a buckler — hence tne name, 
implying bucJUer-hecui. A range of small fins convey 
the idea of its having been as weak in motion ■ as it is 
strong in structure. The coccosteus may be said to mark 
the next advance to fish creation. The outline of its body 
is of the form of a short thick coffin, rounded covered 
with strong bony plates, and terminating in a long tiU 

• Jnne, IB^fi. 
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friiich seems to have been the sole or^an of motion It 
is Tery remarkable, that, while the tail establishes this 
creature among the yertebrata and the fishes, its mouth 
has been o])ened vertically, like those of the crustaceans, 
but which is contrary to the mode of yertebrata generally. 
This seems a pretty strone mark of the link character at 
Hie coccostens between these two great departments of 
the animal kingdom. The pterichthys has also strong bony 
plates oyer its body, arranged much like those of a tor- 
toise, and has a long tail ; but its most remarkable feature, 
and that which has suggested its name, is a pair of long 
and narrow-wing like appendages attached to the shoul- 
ders, which the creature is supposed to haye erected for 
its defence when attacked by an enemy. 

The holoptychius is of a flat oval form, furnished with 
fins, and ending in a long tail ; the whqje body coyered 
with strong plates, which overlap each other, and the 
head forming only a slight rounded ])rojection from the 
general figure. The specimens in the lower beds are 
not above the size of a flounder; but in the higher strata, 
to judge by the size of the scales or plates which have 
been found, the creature attained a comparatively mon- 
strous size. 




less, some striking peculiarities. They have been en- 
tirely covered with bony scales or plates, enamelled ex- 
ternally; their spines are tipped with bone, and, as one 
striking and unvarying feature, the tail is only finned on the 
lower side. The internal skeleton, of which no traces 
have been preser<red," is presumed to have been cartilagi- 
nous. They therefore unite the character of cartilaginous 
fishes with a character peculiar to themselves, and in 
which we see pretty clear vestiges of the pre-existent 
crustaceous form. 

With regaord to the link character of these animals, 
some curious facts are mentioned. It appears that in the 
imperfect condition of the vertebral column, and the infe- 
rior situation of the mouth in the pterichthys, coccosteus, 
&c., there is an analogy to the form of the dorsal cord 
und position of the muuth in the embryo of perfect fishes. 
The one-sided form of the tail in the osteolepis, &c., finds 
I similar analogy in the form of the tail, in the embc^Q qa 
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tlie salmoiu It is not premature to remark, how broadly 
these facta aeem to hint at a parity of laW affecting the 
progress of an individual foetus of one of the more perfect 
animals. 

It is equally ascertained of the types of being prevalent in 
the old red, as of those of the preceding system, that they 
are uniform in the corresponding strata of distant parts 
of the earth ; for instance, Russia and North America. 

In the old red sandstone, the marine plants, of which 
faint traces are observable in the Silurians, continue to 
appear. It would seem as if less change took place in 
the vegetation than ih the animals of those early seas ; 
and for this, as Mr. Miller has remarked, it is eas^ to 
imagine reasons. For example, an infusion of lime into 
the sea would destroy animal life, but be favorable to ve-^ 
getation. 

As yet there were no land animals or plants, and for 
this the presumable reason is, that no dry land as yet 
existed. We are not left to make this inference solely 
from the absence of land animals and plants ; in the ar- 
rangement of the primary (stratified) rocks, we have fur- 
ther evidence of it. That these rocks were formed in a 
generally horizontal position, we are as well assured as 
that they were formed at the bottom of seas. But 
they are always found greatly inclined in position, tilted 
up against the slopes of the granitic masses which are 
beneath them in geological order, though often shooting 
up to a higher point in the atmosphere. No doubt can be 
entertained that these granitic masses, forming our prin« 
cipal mountain ranges, have been protruded nrom below^ 
or, at least, thrust much further up, $inee the deposition, 
of the primary rocks. The protrusion was what tilted up 
the primary rocks ; and the inference is, of course, una- 
voidable, that these mountains have risen chiefly, at least, 
since the primary rocks were laid down. It is remarka- 
ble that, while the primary rocks thus incline towards 
granitic nuclei or axes, the strata higher in the series rest 
against these again, generally at a less inclination or none 
at all, showing that these strata were laid down after the 
swelling mountain eminences bad, by their protrusion, 
tilted up the primary strata. And thus it may be said 
an era of local upthrowing of the primitive and (perhaps) 
central matter of our planet, is established as happen' M 
tbout the close of the primary strata, and beginning oi 
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the next ensuing system. It may be called the Era of 
Hie Oldest Mountains^ or more boldly, of the formation 
of the detached portions of dry land over the hitherto wa- 
tery surface of the globe — an important part of the designg 
of Providence, for which the time was now apparently 
come. It may be remarked, that volcanic disturbances 
and protrusions of trap took place throughout the whole 
period of the deposition of the primary rocks ; but they 
V ere upon a comparatively limited scale, and probably 
all took place under water. It was only now that the 
central granitic masses of the great mountain ranges were 
thrown up, carrying up with them broken edges of the 
primary strata ; a process which seems to have had this 
aifference from the other, that it was the effect of a more 
tremendous force exerted at a lower depth in the earth» 
and generally acting in lines pervading a considerable 
portion of the earth's surface. We shaul by-and-hy see 
niat the protrusion of some of the mountain ranges wat 
not completed, or did not stop at that period. There is 
no part of geological science more clear than that which 
refers to the ages of mountains. It is as certain that the 
Grampian mountains of Scotland are older than the Alps 
and the Appenines, as it is that civilization had visited 
Italy and had enabled her to subdue the world, while 
Scotland was the residence of ** roving barbarians." The 
Pyrenees, Carpathians, and other ranges of continental 
Europe, are all younger than the Grampians, or even the 
insi^ficant Mendip Hills of southern England. Strati- 
fication tells this tale as plainly as Livy tells the history 
of the Roman republic. It tells us — to use the words of 
Professor Philips — that at the time when the Grampian! 
sent streams and detritus to straits where now the Forth 
and Clyde meet, the greater part of Europe was a wide 
ocean. 

The last three systems — called, in England, the Cum- 
brian, Silurian, and Devorian, and collectively the palaeo- 
zoic rocks, from their containing the remains of the earli- 
est inhabitants of the globe — are of vast thickness ; in 
England not much less than 30,000 feet, or nearly six 
miles. In other parts of the world, as we have seen, the 
earliest of these systems alone is of much greater depth—- 
arguing an enormous profundity in the ocean in whick 
they were formed. 

4 
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SECONDARY ROCKS.— ERA OF THE CARBO- . 
NIFEROUS FORMATION. 

ULND FORMED. — COMMSITCCMSirT OF ULIVD PXJLim 

We now enter upon a new great epoch in the history of 
our globe. There was now d^ land. As a consequence 
of this fact, there was fresh water, for rain, instead at 
immediately returning to the sea, as formerly, was now 
gathered in channels of the earth, and became springs^ 
rivers, and lakes. There was now a theatre for the ex* 
istence of land plants and animals, and it remains to be 
inquired if these accordingly were produced. 

The Secondary Rocks, in which our further researches 
are to be prosecuted, consist of a great and varied series^ 
resting, generally unconformably, against flanks of the 
upturned primary rocks, sometimes themselves considera^ 
bly inclined, at others, formins extensive basin-like beds, 
nearly horizontal ; in many places much broken up and 
shift^ by disturbances from below. They have all been 
formed out of the materials of the older rocks, by virtue of 
the wearing power of air and water, which is still every 
day carrying down vast quantities of the elevated matter oiE 
the globe into the sea. But the separate strata are each 
much more distinct in the matter oi its composition than 
might be expected. Some are silicious, or arenaceous 
(sandstone,) composed mainly of fine grains from the 
quartz rocks — the most abun<&nt of the primary strata. 
Others are argillaceou»— clays, shales, &c., chiefly deri- 
ved, probably, from the slate beds of the primary seriesL 
Others are calcareous, derived from the early limestone. 
As a general feature, they are softer and less crystalline 
than the primary rocks, as if they had endured less of 
both heat and pressure than the senior formation. There 
are beds {coal) formed solely of vegetable matter, and 
some others in which the mam ingredient is particles ol 
iron (fhe iron black band.) The secondary rocks are quite 
as communicative with regard to their portions of the 
earth's history as the primitive were. 

The first, or lowest group of the secondary rocks, is 
called the Carboniferous Formatum, from the remarka- 
ble feature of its numerous interspersed beds of coal It 
commences with the beds of the mountain limettone^ 
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which, in some situations, as in Derbyshire and Ireland, 
are of great thickness, being alternated "with chert, (a si- 
liceous sandstone,) sandstones, shales, and beds of coal, 
generally of the harder and less bituminous kind, {antkra- 
cite,) the whole being covered in some places by the mill- 
stone grit, a siliceous conglomerate composed of the de- 
tritus of the primary rocks. The mountain limestone, 
attaining in England to a depth of eight hundred yards, 

freatly exceeds in volume any of the primary limestone- 
eds, and shows an enormous addition of power to the 
cause formerly suggested as having produced this sub- 
stance. In fact, remains of corals, crmoidea, and shells, 
are so abundant in it, as to compose three fourths of the 
mass in some parts. Above the mountain limestone com- 
mence the more conspicuous coal beds, alternating with 
sandstones, shales, beds of limestone, and ironstone. Coal 
is altogether composed of the matter of a terrestrial vege- 
tation, transmuted by pressure. Some fresh-water shells 
have been found in it, but few of marine origin, and no 
remains of those zoophytes and crinoidea so abundant in 
the mountain limestone and other rocks. Coal beds exist 
in Europe, Asia, and America, and have hitherto been es- 
teemed as the most valuable of mineral productions, fVom 
the important services which the substance renders in 
manufactures and in domestic economy. It is to be remark- 
ed, that there are some locsd variations in the arrange- 
ment of coal beds. In France, they rest immediately on 
the granite and other primary rocks, the intermediate 
strata not having been found at those places. In Ameri- 
ca, the kind called anthracite occurs among the slate-beds, 
and this species also abounds more in the mountain lime- 
stone than with us. These last circumstances only show 
that different parts of the earth's surface did not all wit- 
ness the same events of a certain fixed series exactly at 
the same time. There had been an exhibition of dry land 
about the site of America, a little earlier than in Europe 
Some features of the condition of the earth during the 
deposition of the carboniferous group, are made out with a 
clearness which must satisfy most minds. First, we are 
told of a time when carbonate of lime was formed in vast 
abundance at the bottoms of profound seas, accompanied by 
an unusually large population of corals and encrinites ; 
while in some parts of the earth there were patches oi 
itj land, covered with a luxuriant vegetation. Next, w« 



44 KKA or THB CAKBOHIFBMOUB lOmM AIXOM 



hare a comparatiFely brief period of volcanic distuibanoB 
(when the cooglomerate was formed.) Then the causes 
favorable to the so abundant production <tf limestone, and 
the large population of marine acrita, decline, and we find 
the ma<tses of dry land incrMtse in numbo' and extent, and 
b^in to bear an amount of forest v^^etation, far exceed- 
ing that of the most sheltered tropical spots d the present 
surface. The climate, even in the latitode of Baffin's Bay, 
was torrid, and perhaps the atmosphere contained a lar- 
ger charge of carbonic acid gas (the material of vegetation) 
than it now does. The forests or thickets of the period, 
included no species of plants now known upon earth. 
They mainly consisted of gigantic shrubs, which are either 
not represented by any existing types, or are akin to kinds 
which are now only found in small and lowly forms. 
That tbese forests grew upon a Polynesia, or multitude oi 
small islands, is considexed probable, from similar vege- 
tation being now found in such situations within the tro- 
pics. With regard to the circumstances under which 
the masses of v^etable matter were transformed into suc- 
cessive coal strata, geol(^ists are divided. From exam- 
ples seen at the present day, at the mouths of such rivers 
as the Mississippi, which traverse extensive sylvan re- 
^ons, and from other circumstances to be adverted to, it 
IS held likely by some that the vegetable matter, the rub- 
bish of decayed forests, was carried by rivers into estuap 
ries, and there accumulated in vast natural rafts, until it 
sunk to the bottom where an overlayer of sand or mud 
would prepare it for becoming a stratum of coaL Others 
conceive that the v^etation first went into the condition 
of a peat-moss, that a sink in the level then exposed it to 
be overrun by the sea, and covered with a layer of sand or 
mud ; that a subsequent uprise made the mud dry land, 
and fitted it to bear a new forest, which afterwards, like its 
predecessor, became a bed of peat ; that, in short, by repe- 
titions of this process, the alternate layers of co^, sand- 
stone, and shale, constituting the carboniferous group, were 
formed. It is favorable to this last view that marine fos- 
sils are scarcely found in the body of the coal itself, though 
abundant in the shale layers above and below it ; also that 
in several jplaces erect stems of trees are found with their 
roots still fixed in the shale beds, and crossing the sand* 
ftone beds at almost right angles, showing that these, at 
least, had not been drifted from their original fitoationt 
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On the other hand, it is not easy to admit such repeated 
risings and sinkings of surface as would be required, on 
this hypothesis, to tbrm a series of coal strata. Perhaps we 
may most safely rest at present with the supposition that 
coal has been formed under both classes of circumstances, 
though in the latter only as an exception to the former. 

Upwards of three hundred species of plants have been 
ascertained to exist in^the coal formation ; but it is not 
necessary to suppose that the whole contained in that 
system are now, or will be, distinguished. Experiments 
show that some great classes of plants become decompos- 
ed in water in a much less space of time than others, and 
it is remarkable that those which decompose soonest, are 
of the classes found most rare, or not at all, in the coal 
strata. It is consequently to be inferred that there may 
have been grasses and mosses at this era, and many spe- 
cies of trees, the remains of which had lost all trace ol 
organic form before their substance sunk into the mass ot 
which coal was found. In speaking, therefore of the vege- 
tation of this period, we must beai' m mind that itmay have 
comprehended forms of which we have no memorial 

Supposing, nevertheless, that, in the main, the ascer- 
tained vegetation of the coal system is that which grew 
at the time of its formation, it is interesting to find that 
the terrestrial botany of our globe begins with classes of 
comparatively simple forms and structure. In the ranks 
of the vegetable kingdom, the lowest place is taken by 
plants of cellular tissue, and which have no flowers, 
(cryptogamia,) as lichens, mosses, fungi, ferns, sea- weeds. 
Above these stand plants of vascular tissue, and bearing 
flowers, in which again there are two great subdivisions ; 
first, {)lants having one seed-lobe (monocotyledons,) and 
in which the new matter is added within {endogenous,) 
of which the cane and palm are examples ; second plants 
having two seed-lobes \dycotyledons,) and in which the 
new matter is added on the outside under the bark, 
(jexo^tnouSy) of which the pine, elm, oak, and most of the 
British forest-trees are examples ; these subdivisions also 
ranking in the order in which they are here stated. Now 
it is clear that a predominance of these forms in succes- 
sion marked the successive epochs developed by fossil 
geology; the simple abounding first, and the complex 
afterwards. 

Two-thirds of the plants of the carboniferous era ars 
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of the cellular or cryptogamic kind, a proportion wtild 
would probably be much increased if we knew the whole 
Flora of that era. The ascertained dicotyledons, or high- 
er-class plants, are comparatively few in this formation ; 
but it will be found that they constantly increased as the 
globe grew older. 

The master-form or type of the era was the fern, or 
breckan, of w hich about one hundred and thirty species 
have already been ascertained as entering into the com 
position of coal.* The fern is a plant which thrives best 
in warm, shaded, and moist situations. In tropical coun- 
tries, where these conditions abound, there are many 
more species than in temperate climes, and some of these 
are arborescent, or of a tree-like size and luxuriance.f 
The ferns of the coal strata have been of this magnitude, 
and that without regard to the parts of the earth where 
they are found. In the coal of Baffin's Bay, of Newcas- 
tle, and of the torrid zone alike, are the fossil ferns arbore- 
scent, showing clearly that, in that era, the present tro- 
pical temperature, or one even higher, existed in very 
nigh latitudes 

In the swamps and ditches of England there grows a 
plant called the hor8e-tail,(e7WMe^wm,) having a succulent, 
erect, jointed stem, with slender leaves, and a scaly cat- 
kin at the top. A second large section of the plants of 
the carboniferous era were of this kind, {equisetacets,) but, 
like the fern, reaching the magnitudes of trees. While 
existing equiseta rarely exceed three feet in hei.^ht, and 
the stems are generally under half an inch in diameter, 
their kindred, entombed in the coal beds, seem to have 
been generally fourteen or fifteen feet high, with stems 
from six inches to a foot in thickness. Arborescent plants 
of this family, like the arborescent ferns, now grow only 
in tropical countries, and there being found in the coal 
beds in all latitudes is consequently held as an additional 
proof, that at this era a warm climate was extended much 
farther to the north than at present. It is to be remarked 
that plants of this kind (forming two genera, the most 
abundant of which is the ealamites) are only represent- 
ed on the piesent surface by plants of the same family : 

*■ The principal families aie named spenopteris neuropteris and 
pecopteris. 

t A specimen from Bengal, in the staiiAaMe ot the British Mm* 
un, ii forty 'five feet high 
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the species which flourished at this era gradually lessen in 
number as we advance upwards in the series of rocks, and 
disappear before we arrive at the tertiary formation. 

Tne club-!noss family (l\ eopodiacea) are other plants 
erf the present surface, usually seen in a lowly and creep- 
ing form in temperate latitudes, but i)re8enting species 
wnich rise to a greater magnitude within the tropics. 
Many specimens of this family are found in the coal beds ; 
it is thought they have contributed more to the substance 
of the co^ than any other family. But, like the ferns and 
equisetaceae, they rise to a prodigious magnitude. The 
lepidodendra (so the fossil genus is called) have probably 
been from sixty-five to eighty feet in height, having at 
their base a diameter of about three feet, while their 
leaves measured twenty inches in length. In the forests 
of the coal era, the lepidodendra would enjoy the rank of 
firs in our forests, affording shade to the only less stately 
ferns and calamites. The internal structure of the stem, 
and the character of the seed-vessels, show them to have 
been a link between single-lobcd and double-lobed plants, 
a fact worthy of note, as it favors the idea that, in vegeta- 
ble as well as animal creation, a progress has been ob- 
served, in conformity with advancing conditions. It is 
also curious to find a missing link of so much importance 
in a genus of plants which has long ceased to have a liv 
ing iSace upon earth. 

The other leading plants of the coal era are withoii 
representatives on the present surface, and their charac- 
ters are in general less clearly ascertained. Amongst tha 
most remarkable are — the sigillaria, of which large stems 
are very abundant, showing that the interior has been 
soft, and the exterior fluted with separate leaves inserted 
in vertical rows along the flutings — and the stigmaria 
plants apparently calculated to Eourish in marshes oi 
pools, having a short, thick, fleshy stem, with a dome- 
•haped top, from which sprung branches of from twenty 
to tnirty feet long. Amongst monocotyledons were some 
palms, {Jiabellaria and ruBggerathia,) besides a few not 
distinctly assignable to any class. 

The dicotyledons of the coal are comparatively feW;. 
though on the present surface they are the most numeroiu 
sub-class. Besides some of doubtful aflBnity {annidariat 
usterophyllites, &c.) there were a few of the pine family* 
#hich seem to have been the highest class, of trees of 
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(his era, and are only as yet found in isolated cases, and 
in sandstone beds. The first discovered lay in the Craig« 
leith quarry, near Edinburgh, and consisted of a stem 
about two feet thick, and forty-seven feet in leng[th. 
Others have since been found, both in the same situation 
and at Newcastle. Leaves and fruit being wanting, an 
ingenious mode of detecting the nature of these treei 
was hit upon by Mr. Witham, of Lartington. Taking 
thin polished cross slices of the stem, and subjecting them 
to the microscope, he detected the structure of the wood 
to be that of a cone-bearing tree, by the presence of cer- 
tain ** reticulations" which distinguish that family, in ad- 
dition to the usual radiating and concentric lines. That 
particular tree was concluded to be an araiicaria, a species 
now found in Norfolk Island, in the South Sea, and in a 
few other remote situations. The coniferaB of this era 
form the dawn of dicotyledonous trees, of which they may 
be said to be the simplest type, and to which, it has alrea- 
dy been noticed, thelepidodendraare a liak from the mo- 
nocotyledons. The concentric rings of the Craigleith and 
other coniferae of this era have been mention^. It is^ 
interesting to find in these a record of the changing sea- 
sons of those early ages, when as yet there were no human 
bein^ to observe time or tide. They are clearly traced ; 
but it is observed that they are more slightly marked 
than is the case with their family at the present day, as 
if the changes of temperature had been witnin a narrower 
range. 

Such was the vegetation of the carbonigenous era, com- 
posed of forms at the bottom of the botanical scale, flow- 
«>rless, fruitless, but luxuriant and abundant beyond what 
the most favor^ spots on earth can now show. The ri- 
gidity of the leaves of its plants, and the absence of fleshy 
fruits and farinaceous seeds, unfitted it to afford nutriment 
to animals ; and, monotonous in its forms, and destitate 
of brilliant coloring, its sward probably unenlivened by 
any of the smaller nowering herbs, its shades uncheered 
by the hum of insects, or the music of birds, it must have 
been but a sombre scene to a human visitant. But nei- 
ther man nor any other animals were* then in existence to 
look for such uses or such beauties in this vegetation. It 
was serving other and equally important ends, dearins 
(probably) the atmosphere of matter noxious to animal 
uife, and storing up mineral masses which were in loog 
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The animal remains at this 
compariagn with those which go before, or those whicb 
come afti-r. The mountain limealone, indeed deposiled 
st the commencement of it, abounds unosually in poly- 

fiaria andcrinoidea; but when wa ascend to the coal-beds 
hemselves, the case is allered, and these marine remain! 
altogether disappear. We have then only a limited rari- 
ety of conchifer and shell molluslta, with fragments of a 
few epecies of fishes, and these are rarely or never foand 
in the coal aeama, but in the shales alternating with them. 
Some of the fishes are of a sauroid character, that is, par- 
take of the nature of the lizard, a genus of Che reptilla, a 
land class of animals, so (hat weroay he said here to have 
the flrst approach to a kind of animals calculated to breathe 
the atmosphere. Such ia the Me;;alichthy9 Hibbertii, 
found by Dr. Hihbert Ware, in a limestone bed of fresh- 
water origin, nademeath the coal at Burdiebouae, near 
Edinburgh. Others of the same kind havebeenfound in 
the coil maasures in Yorkshire, and in the low coal shalei 
at Manchester. This is no mote than might he expected, 
u collections of freah water now existed, and it is presu- 
mable that thej would be peopled. The chief other Ash- 
es of the coal era are named pdieothrissiim, palffioniscus, 
diperdiu. 

Coal strata are nearly confined to the group termed tha 
carboniferous formation. Thin beds are not unknown 
afterwards but they occur only BSa rareeiception. It ii 
therefore (boueht that the moat important of the conditions 
which allowed of so abundantaterrG9lrialvcgelBtion,had 
ceased about (he time when this formation was cloaed. 
The high temperature was not one of the cnndilionH whici 
terminated, for there are evidences of it aflerwards ; but 
probably the superabundance ofcarbnnicacid gas supposed 
to have existed during this eta was expended before it* 
close. There can be little doubt that (he infusion of a 
large dose of this gas into the atmosphere at the present 
day wnnld he attended by precisely the same circum- 
stances as in (he time nf the carboniferous formation. 
Land animal life would i.ol have a place on earth ; yege- 
talion wouldbe enormoua ; and coal alvalu would bo ' 
ed fr>>m the vast ccumulalions of woodj 
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would gather in every sea, near the mouths of great riveifl 
On the exhaustion of the superabundance of carbonic acid 
gas, the coal formation would cease, and the earth might 
again become a suitable theatre of being for land animals. 
The termination of the carboniferous formation is 
marked by symptoms of volcanic violence, which some 
geologists have considered to denote the close of one sys- 
vem of things and the beginning of another. Coal beds 

generally lie in basins, as if following the curve of the 
ottom of seas. But there is no such basin which is not 
broken up into pieces, some of which have been tossed up 
on ed^e, others allowed to sink, causing the ends of strata 
to be m some instances many yards, and in a few several 
hundred I'eet, removed from the corresponding ends of 
neighboring fragments. These are held to be results of 
volcanic movements below, the operation of which is fur- 
ther seen in numerous upbursts and intrusions of volcanic 
rock, (trap.) That these disturbances took place about 
the close of the formation, and not later, is shown in the 
fact of the next higher group of strata bein^ comparative- 
ly undisturbed. Other symptoms of this time of violence 
are seen in the beds of conglomerate which occur amount 
the first strata above the coal. These, as usual, consist 
of fragments of the elder rock, more or less worn from 
being tumbled about in agitated water, and laid down in 
a mud paste, afterwards hardened. Volcanic disturban- 
ces break up the rocks ; the pieces are worn in seas ; and 
a deposit of conglomerate is the consequence. Of por- 
phyry, there are some such pieces in the conglomerate of 
Devonshire, three or four tons in weight. It is to be ad- 
mitted for strict truth, that, in some parts of Europe, the 
carboniferous formation is followed by superior deposits, 
without the appearance of such disturbances between 
their respective periods ; but apparently this case belongs 
to the class of exceptions already noticed.* That disturb- 
ance was generd, is supported by the further and impor- 
tant fact of the destruction of many forms of organic being 
previously flourishing, particularly of the vegetable king- 
dom. 

* " Some ofthe most considerable dislocations of the border ot the 
eoal fields of Coalbrookdale and Dudley, happened after the depo- 
sition of a part of the new red sandstone ; but it Is certain that thoM 
of Somersetshire and Oloacestershire were completed before tha 
data of that roek.»— PAil^ 
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ERA OF THE NEW RED SANDSTONE 

rBBRSSTBIAZ. ZOOIiOGT COMMENCES WITH RZPTlUM 
nUST TRACES OP BIBDS, 

^ The next volume of the rock series refers to an era dis- 
tinguished by an event of no less importance than the 
commencement of land animals. The New Red Sand' 
ttone Spetem is subdivided into groups, some of which 
are wanting in some places; they are pretty fuUy deve* 
loped in the north of England, in the following ascending 
order : 1. Lower red sandstone ; 2. Magnesian limestone; 
3. Red and white sandstones and conglomerate ; 4. Varie- 
gated marls. Between the third and fourth there is, in 
Germany, another group, called the Muschelkalk, a word 
expressing a limestone Mi of shells. 

The first group, containing the conglomerates already 
edverted to, seems to have been produced during the time 
of disturbance which occurred so generally after the car- 
bonigenous era. This new era is distinguised by a pau- 
city of organic remains, as might partly be expected from 
the appearances of disturbance, and the red tint of the 
tockM, the latter being communicated by a solution of oxide 
of iron, a substance unfavorable to animal life. 

The second group is a limestone with an infusion of 
magnesia. It is developed less generally than some others, 
\vLt occurs conspicuously in England and Germany. Its 
place, above the red sandstone, shows the recurrence of 
circumstances favorable to animal life, and we accordingly 
find in it not only zoophytes, conchifera, and a few tribes 
of fish, but some faint traces of land plants, and a new and 
startling appearance— a reptile of saurian (lizard) charac* 
ter, anadogous to the now existing family called monitors. 
Remains of this creature are found in cupriferous (copper^ 
bearing) slate connected with the mountain limestone, at 
Mansfield and Glucksbrun, in Germany, which may be 
taken as evidence that dry land existed in that age near 
those places. The magnesia limestone is also remarka- 
ble as the last rock in which appears the leptaena, or 
producta, a conchifer of numerous species ^hich makes a 
conspicuous appearance in all previous seas. It is like- 
wise to be observed, that the fishes of this age, to the 
ienera of which the names paleoniscus, catopterus^ ^Is^ 
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tysomus, &c., have been applied, vanish, and henceforth 
appear no more. 

The third eroup, chiefly sandstones, variously colored 
according to the amount and nature of the metallic ozida 
infused into them shows a recurrence of agitation, and a 
consequent diminution of the amount of animal life. In 
the upper part, however, of this group, there are abundant 
symptoms of a revival of proper conditions for such life. 
There are marl beds, the origin of which substance in 
decomposed shells is obvious ; and in Germany, though 
not in England, here occurs the muschelkalk, containing 
numeroiis organic remains (generally different from those 
of the ma^nesian limestone,) and noted for the specimens 
of land animals, which it is the first to present in any con- 
siderable abundance to our notice. 

These animals are of the vertebrate sub-kingdom, but 
of its lowest class next after fishes — namely, reptiles — a 
portion of the terrestrial tribes whose imperfect respira- 
tory system, perhaps, fitted them for enduring an atmos- 
phere not yet quite suitable for birds or mammifers.^ 
The specimens found in the muschelkalk are allied to the 
crocoaile and lizard tribes of the present day, but in the 
latter instance are upon a scale of magnitude as much su- 
perior to present forms as the lepidodendron of the coal 
era was superior to the dwarf club-mosses of our time. 
These saunans also combine some peculiarities of struc- 
ture of a most extraordinary character. 

The animal to which the name ickthyoiaurua has been 
given, was as long as a young whale, and it was fitted for 
living in the water, though breathing the atmosphere. It 
had the vertebrsd column and general bodily form of a fish, 
but to that were added the head and breast- bone of a li- 
zard, and the paddles of the whale tribes. The beak, 
moreover, was that of a porpoise, and the teeth were 
those of a crocodile. It must have been a most destructive 
creature to the fish of those early seas. 

The p/mosattitif was of similar bulk, with a turtle-like 
body and paddles, showing that the sea was its element, 
but with a long serpent-like neck, terminating in a sau- 
rian head, calculated to reach prey at a considerable 

- * The immediate effects of the slow respiration of the reptilia, 
are, a low temperature in their bodies, and a slow consumption o* 
foQd. Requiring little oxygen, they could have existed in an at- 
nosphere containing a less pre portion of that gaa to carboaie aoM 
gttB than what now obtaina. 
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tfistance. These two animals, of which many varietiec 
have been discovered, constituting distinct species, are 
■upposed to have lived in the shallow borders of the seas 
of this and suosequent formations, devouring immense 
quantities of the finny tribes. It was at first thought that 
Ao creatures approaching them in character now inhabit 
the earth ; but latterly Mr. Darwin has discovered in tha 
reptile-peopled Galapagos Islands, in the South Sea, a ma- 
rine saurian from three to four feet long. 

The megalosaurtu was an enormous lizard — a land 
creature, also carnivorous. Thepterodaetyle was another 
lizard, but furnished with wings to pursue its prey in the 
air, and varying in size between a cormorant and a snipe. 
Crocodiles abounded, and some of these were herbivorous. 
Such was the isuanodon, a creature of the character ot 
the inguana of the Ganges, but reaching a hundred feet in 
length, or twenty times that of its modern representative. 
. There were alsonumerous tortoises, some of them reach- 
ing a great size ; and Professor Owen has found in War- 
wickshire some remains of an animal of the batrachian 
order,* to which, from the peculau: form of the teeth, he 
has given the name of labyrinthidon. Thus, three of 
Cuvier*8 four orders of reptilia (sauria^ -chelonia, and ba^ 
trachia) are represented in this formation, the serpent 
order (ophidia) being'alone wanting 

The variegated marl beds which constitute the upper- 
most group of the formation, present two additional genera 
of huge saurians — the phytosauriUs and mastodonsaurus. 

It is in the upper beds of the red sandstone that beds 
of salt first occur. These are sometimes of such thick- 
ness, that the mine from which the material has been ex- 
cavated looks like a lofty church. We see in the presen* 
world no circumstances calculated to produce the format 
tion of a bed of rock salt; yet it is not difficult to under- 
stand how much strata were formed in an age marked by 
oltra-tropical heat and frequent volcanic disturbances. 
An estuary, cut off by an upthrow of trap, or a change of 
level, and left to dry up under the heat of the sun, would 
quickly become the bed of a dense layer of rock salt. A 
lecond shift of level, or some other volcanic disturbance, 
connecting it again with the sea, would expose this slra- 
turn to being covered over with a layer of sand or mud, 
ietfined in time to form the next stratum of rock above it 
• Xh» «rdar to which frogs and toads bslong 
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The plants of this era are few and unobtruMTe. Eqitf 
teta, calamites, ferns, Voltzia» and a lew of the ot^ier fo*> 
milies found so abundantly in the preceding fermatioi^ 
here present themselves^ but in dimini^ed size and qaai>> 
tity. 

This seems to be the proper place to advert to certain 
memorials of a peculiar and unexpected character respect- 
ing these early ages in the sandstonesw So low as the 
bottom of th3 carboniferous system, slabs are found mark* 
ed over a great extent of surfaces with that peculiar cor- 
rugation or wrinkling which the receding tide leaves upoo 
a sandy beach when the sea is but slightly agitated ; and 
not only are these ripple marks, as they are called, found 
on the surfaces, but casts of them are found on the under 
sides of slabs lying above. The phenomena suggests the 
time when the sand ultimately formed in these ^one slabs^ 
was part of the beach of a sea of the carbonigenous era ; 
when, left wavy by one tide, it was covered over with a thin 
layer of fresh sand by the next, and so on, precisely as 
such circumstances might be expected to take place at 
the present day. Sandstone surfaces, ripple-maiKed, are 
found throughout the subsequent formations ; in those of 
the new red, at more than one place in England, they 
further bear impressions of rain orops which have fallen 
upon them — the rain, of course, of the inconceivably re- 
mote a^e in which the sandstones were formed. In the 
GreensiU sandstone, n^ar Shrewsbury, it has even been 
possible to tell from what direction the shower came 
which impressed the sandy surface, the rims of the marks 
being somewhat raised on one side, exactly as might be 
expected from a slanting shower falling at this day upon 
one of our beaches. These facts have the same sort of 
interest as the season rings of the Craigleith conifers, as 
speaking of a parity between some of the familiar pro- 
cesses of nature in those early ages and our own. 

In the new red sandstone, impressions still more impor- 
tant in the inferences to which they tend, have been ob- 
served — namely, the footmarks of various ani Dials. In a 
quarry of this formation, at Corncockle Muir, in Dum- 
nriesshire, where the slabs incline at an angle of thirty- 
eight degrees, the vestiges of an animal supposed to have 
been a tortoise, are distinctly traced up and down, the 
slope, as if the creature had had occasion to pass back- 
wards and forwards in that direction only, poasdMy in itt 
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taihr risits to the sea. Some slabs similarly impressed, 
in the Stourton quarries in Cheshire, are further marked 
with a shower of rain which we know must have fallen 
afterwards y for its little hollows are impressed in the 
footmarks also, though more slightly than on the rest ol 
the surface, the comparative hardness of a trodden place 
having apparently prevented so deep an impression being 
made. At Hessburg in Saxony, the vestiges of four dis« 
tinct animals have been traced, one of them a web-footed 
animal of small size, considered as a congener of the cro- 
codile ; another, whose footsteps having a resemblance to 
an impression of a swelled human hand, has caused it to 
be named the cheirotherium. The footsteps of the cheiro- 
therium have been found also in the Stourton quarries 
above mentioned. Professor Owen, who stands at the 
head of comparative anatomy in the present day, has ex- 
pressed his belief that this last animal was the same ba- 
trachian of which he has found fragments in the new red 
sandstone of Warwickshire. At Runcorn, near Manches- 
ter, and elsewhere, have been discovered the tracks of an 
animal which Mr. Owen calls the rynchosaurus, uniting 
with the body of a reptile the beak and feet of a bird, and 
which clearly had been a link between these two classes 
If geologists shall ultimately give their approbation to 
the inferences made from a recent discovery m America, 
we shall have the addition of perfect birds, though pro- 
bably of a low type, to the animal forms of this era. It is 
stated to be in the quarries of this rock, in the valley ot 
Connecticut, that foot- prints have been found, apparently 
produced by birds of the order grallaR, or waders. •* The 
footsteps appear in regular succession on the continuous 
track of an animal, in the act of walking or running, with 
the ri^ht and left foot always in their relative. places. 
The distance of the intervals between each footstep on 
the same track is occasionally varied, but to no greater 
amount than may be explained by the bird havmg al- 
tered its pace. Many tracks of different individuals and 
different species are often found crossing each other, and 
crowded, like impressions of feet upon the shores of a 
muddy stream, where ducks and geese resort."* Some 
of these prints indicate small animals, but others denote 
birds of what would now be an unusually large size. One 

* Dr. Buckland, qnoting an article by Professor Hitchcock, is 
Oil* American Journal of Qcieirce and Arts, 1836 
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tnimal, having a foot fifteen inches in length (one-hall 
more than that of the ostrich,) and a stride of from four 
•.o six feet, has been appropriately entitled, amithiehnite* 
giganteus. 
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ERA OF THE OOLITE. 

COMMEirCEMENT OF MAMMAIXA.. 

The chronicles of this period consist of a series of beds, 
mostly calcareous, taking their general name {Oolite Syt' 
tern) from a conspicuous member of them — the oolite — a 
limestone composed of an aggregation of small round grains 
or spherules, and so called from its fancied resemblance to 
a cluster of eggs, or the roe of a fish. This texture oi 
stone is novel and striking. It is supposed to be of che- 
mical origin, each spherule beine an aggregation of parti- 
cles round a central nucleus. The oolite system is largely 
developed in England, France, Westphalia, and North- 
ern ItaJy ; it appears in Northern India and Africa, and 
patches of it exist in Scotland, and in the vale of the 
Mississippi. It may of course be yet discovered in many 
other parts of the world. 

The series, as shown in the neighborhood of Bath, is 
(beginning with the lowest) as follows : — 1. Lias, a set cs. 
strata, variously composed of limestone, clay, marl, and 
shale, clay being predominant ; 2. Lower oolitic forma- 
tion, including, besides the great oolite bed of central 
England, fullers* earth beds, forest marble, and cornbrash ; 
3. Middle oolitic formation, composed of two sub-groups, 
the Oxford clay and coral rag, the latter being a mere 
layer of the works of the coral polype; 4. Upper oolitic 
formation, including what are called Kimmeridge clay 
and Portland oolite. In Yorkshire, there is an additional 
group above the lias, and in Sutherlandshire, there is ano- 
ther group above that again. In the wealds (moorlands) 
of Kent and Sussex, there is, in like manner, above the 
fourth of the Bath series, another additional group, to 
which the name of the fVecdden has been given, from itg 
situation, and which, composed of sandstones and clays, 
is subdivided into Purbeck beds, Hastings sana and Weild 
clay 
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There are no particular appearances of disturbance be- 
h^en the close of the new red sandstone and the begin- 
niug of the oolite system, as far as has been observed in 
England. Tet there is a great change in the material ol • 
the rocks of the two formations, showing that while th« 
bottoms of the seas of the one period had been chiefly 
arenaceous, those of the other were chiefly clayey and limy. 
And there is an equal difference between the two periods 
in respect of both botany and zoology. While the new red 
sandstone shows comparatirely scanty traces of organic cre- 
ation, those in the oolite are extremely abundant, particular- 
ly in the department of animals, and more particularly still 
of sea moUusca, which it has been observed, are always the 
more conspicuous in proportion to the predominance of « 
calcareous rocks. It is also remarkable that the animals of 
the oolitic system are entirely different in species from 
those of the preceding age, and that these species cease be- 
fore the next. In this system we likewise find that uni- 
formity over g^eat space which has. been remarked of the 
Faunas of earlier formations. ** In the equivalent deposits 
in the Himmalaya Mountains, at Fernando Po, in the 
region north of the Cape of Good Hope, and iii the Run 
of Cutch, and other parts of Hindostan, fossils have been 
discovered, which, as far as English naturalists who have 
seen them can determine are undistinguishable from cer 
tain oolite and lias fossils of Europe."* 

The dry land of this age presented cycadeaB, " a beauti- 
ful class of plants between the palms and conifers, having 
a tall, straight trunk, terminating in a magnificent crown 
of foliage, "f There were three ferns, but in smaller pro- 
portion than in former ages ; also equisetaceae, lilia, and 
conifers. The vegetation was generally analogous to that 
of the Cape of Good Hope and Australia, which seems to 
argue a climate (we must remember a universal climate) 
between the tropical and temperate. It was, however, 
sufficiently luxuriant in some instances to produce thin 
seams of coal, for such are found in the oolite formation <rf 
both Yorkshire and Sutherland. The sea, as for ages before, 
contained algs, of which, however, only a few species 
have been preserved to our day. The lower classes of 
the inhabitants of the ocean were unprecedently abundant 
The polypiaria were in such abundance as tc form wlole 

* Marchifon's Silurian System, p 668. 
t Buokland 
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strata of themselves. The crinoidea and echinites wert 
also extremely numerous. Shell mollusks, in hundreds 
of new species, occupied the bottoms of the seas of those 
ages, while of the swimming shelUfish, ammonites, and 
belemnites, there were also many scores of varieties. The 
belemnite here calls for some particular notice. It com- 
mences in the oolite, and terminates in the next format 
tion. It is an elongated, conical shell, terminating in a 
point, and having, at the larger end, a cavity for the resi- 
dence of the animal, with a series of air-chambers below. 
The animal, placed in the upper cavity, could raise or 
depress itself in the water at pleasure by a pneumatic 
operation upon the entral air tube pervading its shelL 
Its tentacula, sent abroad over the summit of the shell, 
searched the sea for prey. The creature had an ink-bag, 
with which it could muddle the water around it, to pro- 
cect itself from more powerful animals, and strange to 
say, this has been found so well preserved that an artist 
has used it in one instance as a paint, wherewith to de- 
lineate the belemnite itself. 

The Crustacea discovered in this formation are less nu- 
merous. There are many fishes, some of which (aerodtts^ 
psammodus, ^c.,) are presumed from remains of their 
palatal bones, to have been of the gigantic cartilaginous 
class, now represented by such as the cestraceon. It has 
been considered by Professor Owen as worthy of notice, 
that, the cestraceon being an inhabitant of the Austrilian 
seas, we have, in both the botany and ichthyology of this 
period, an analogy to that continent. The pycnodontes 
(thick-toothed) and lepidoides, (having thick scales,) are 
Other families described by M. Agassiz as extensively 
prevalent. In the shallow waters of the oolitic formation, 
the ichthyosaurus, plesiosaurus, and other huge saurian 
carnivora of the preceding age, plied, in increased num- 
bers, their destructive vocation.* To them were added 
new genera, the cetiosaurus, mososaurus, and some others^ 
all of similar character and habits. 

Land -reptiles abounded, including species of the ptero- 
dactyle of the preceding age — tortoises, trionyces croco* 

* In some instances, these fossils arefound with the contents of 
the stomach faithfully preserved, and even with pieces of the ex 
temal skin. The pellets ejected by them (coprolite$) are found in 
vast numbars, each generally enclosed in a nodule ironstone, and 
•omatimes showing remains of the fishes which had foruted theiz 
food. 
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dilians — and the pliosaurus, a creature which appean tt 
have formed a link between the plesiosaurus and the cro* 
codile. We know of at least six species of the flying 
saurian, the pterodactjrle, in this formation. 

Now, for tne first time, we find remains of insects, an 
order of animals not well calculated for fossil preservation, 
and which are therefore amongst the rarest of the animal 
tribes found in rocks, though they are the most numerous 
of all living families A single libellula (dragon-fly) was 
frund in uie Stonefield slate, a member of the lowei 
oolitic group quarried near Oxford; and this was for 
several years the only specimen known to exist so early : 
but now many species nave been found in a corresponding 
rock at Solenhofen, in Germany. It is remark{d>le, that 
the remains of insects are found most plentifully near the 
remains of pterodactyles, to which undoubtedly they 
served as prey. 

The first glimpse of the highest class of the vertebrata 
sub-kingdom-— mafumn/ta — is obtained from the Stones- 
field slate, where there has been found the jaw-bone of a 
quadruped evidently insectivorous, and inferred, from pe- 
culiarities in the structure of that small fragment to have 
belonged to the marsupial family, (pouched animals.) It 
may be observed, although no specimens of so high a class 
of animals as mammalia are found earlier, such may ne- 
vertheless have existed : the defect may be in our not bav- 
ins found them ; but, other things considered, the pro- 
bability is, that heretofore there were no mammifers. 
It is an interesting circumstance, that the first mammifers 
found should have belonged to the marsupialia, when the 

filace of that order in the scale of creation is considered, 
n the imperfect structure of their brain, deficient in the 
organs connecting the two hemispheres — and in the mode 
of gestation, which is only in small part uterine — this 
family is clearly a link between the oviparous vertebrata 
(birds, reptiles, and fishes) and the higher mammifers. 
This is further established by their possessing a faint 
development of two canals passing from near the anus to 
the external surface of the viscera, which are fully pos- 
sessed in reptiles and fishes, tor the purpose of supplying 
aerated water to the blood circulating in particular vessels, 
but which are unneeded by mammifers. Such rudiments 
of organs in certain species which do not require them in 
sny degree, are common in both the animal and ve^etahU 
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kingdoms, but are always most conspicuous in famiUef 
approaching in character to those classes to which the full 
OTgans are proper. This subiect will be more particularly 
Adverted to in the sequel. 

The highest part of the oolitic formation presents some 
phenomena of an unusual and interesting character, which 
demand special notice. Immediately above the upper 
oolitic group in Buckinghamshire, in the \*icinity of Wey> 
mouth, and other situations, there is a thin stratum^ usually 
called by workmen the dirt-bed, which appears, from in- 
contestable evidence, to have been a soil, formed, like 
soils of the present day, in the course of time, upon a sur- 
face which nad previously been the bottom of the sea« 
The dirt-bed contains exuviae of tropical trees, accumu- 
lated through time, as the forest shed its honors on the 
spot where it grew, and became itself decayed. Near 
Weymouth there is a piece of this stratum, in which 
stumps of trees remained rooted, mostly erect, or slightly 
inclined, and from one to three feet high ; while trun^ 
of the same forest, also silicified, lie imbedded on the sur- 
face of the soil in which they grew. 

Above this bed, lie those which have been called the 
Wealden, from their full development in the Weald of 
Sussex ; and these as incontestably argue that the dry 
land forming the dirt-bed had next afterwards become the 
area of brackish estuaries, or lakes partially connected 
with the sea ; for the Wealden strata contain exuviae of 
fresh water tribes, besides those of the great saurians and 
chelonia. The area of this estuary comprehends the whole 
south-east province of England. A geologist thus confi- 
dently narrates the subsequent events : ** Much calcareous 
matter was first deposited, [in this estuary,] and in it were 
entombed myriads of shells, apparently analagous to those 
of the vivipara. Then came a thick envelope of sand, 
sometimes interstratified with mud ; and, finally, muddy 
matter prevailed. The solid surface beneath tne waten 
would appear to have suffered a long continued and gra- 
dual depression, which was as gradually filled, or nearly 
80, with transported matter ; in the end, however, after a 
depression of several hundred feet, the sea again entered 
upon the area, not suddenly or violently — for the Wejd- 
den rocks pass gradually into the superincumbent creta- 
ceous series — but so quietly, that the mud containing the 
remains of terrestrial and fresh- water creatures was tran* 



SRA OF THE CRETACSOrs FORMATION. 41 

quihy covered 'jp by sands replete with marine exuviaB."* 
A subsequent depression of the same area, to the depth ol 
at least three hundred fathoms, is believed to have taken 

{>lace, to admit of the deposition, of the cretaceous beds 
ying above 

From the scattered way in which remains of the larger 
terrestrial animals occur in the Wealden, in the intermix 
ture of pebbles of the special appearance of those worn in 
rivers, it is also inferred that tne estuary which once co- 
vered the southeast part of England was the mouth of a 
river of that far descending class of which the Mississippi 
and Amazon are examples. What part of the earth's sur- 
face presented the dry land through which that and other 
similar rivers flowed, no one can tell for certatn. It has 
been surmised, that the particular one here spoken of may 
have flowed from a point not nearer than the site of the 
present Newfoundland. Professor Phillips has sugg^edt 
from the analogy of the mineral composition, that ancient^ 
elevated coal strata may have composed the dry land from 
which the sandy matters of these strata were washed. 
Such a deposite as the Wealden almost necessarily implies 
a local not a general condition ; yet it has been thought 
that similar strata and remains exist in the Pays de Bray, 
near Beauvais. This leads to the supposition that there 
may have been, in that age, a series of river-receiving 
estauries along the border of some such great ocean as the 
Atlantic, of which that of modern Sussex is only an 
pxample. 

ERA OF THE CRETACEOUS FORMATION. 

The record of this period consists of a series of strata, 
in which chalk beds make a conspicuous appearance, and 
which is therefore called the cretaceous sysiem or format 
tion. In England, a long stripe, extending from York- 
ihire to Kent, presents the cretaceous beds upon the sur 
tauce, g^enerally lying conformably upon the oolite, and in 
many instances rising into bold escarpments towards the 
west. The celebrated cliffs of Dover are of this formation. 
It extends into northern France, and thence north-west- 
ward into Germany, whence it is traced into Scandinavia 

* De )a Becbe*! Cteolosdcal Researchet^ p. %4A. 
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and Russia. The same system exists in Nor Ji Amerioi, 
and probably in other parts of the earth not yet geologi- 
cally investigated Being a marine deposit, it establishes 
that seas existed at the time of its formation on the tracts 
occupied by it, while some of its organic remains prove 
that, in the neighborhood of those seas, there were tracts 
of dry land. 

The cretaceous formation in England presents beds 
chiefly sandy in the lowest part, chiefly in the clayey in 
the middle, and chieflv of chalk in the upper part, the 
chalk beds being never absent, which some of the lower 
are in several places in the vale of the Mississippi ; again 
the true chalk is wholly, or all but wholly, absent In 
the south of England, the lower beds are, (reckoning from 
the lowest upwards,) 1. Shankland or ^eensand, ** a tri- 
ple alternation of sands and sandstones with clay ;'* 2. Gait, 
"astiff blue or black clay, abounding in shells, which 
frequently possess a pearly lustre ;" 3. Hard, chalk ; 4 
Chalk with flints ; these two last being generally white, 
but in some disti'icts red, and in others yellow. The 
whole are, in England, about 1200 feet thick, showing the 
considerable depths of the ocean in which the deposits 
were made. 

Chalk is a carbonate of lime, and the manner of its pro- 
duction in such vast quantities was long a subject of spe- 
culation amons geologists. Some light seemed Co be 
thrown upon the subject a few years ago, when it was 
observed, that the detritus of coral reefs in the present 
tropical seas gave a powder, undistinguishable, when 
dried, from ordinary chalk. It then appeared likely that 
the chalk beds were the detritus of the corals which were 
in the ocean of that era. Mr. Darwin, who made some 
curious inquiries on this point, further suggested that the 
matter might have intermediately passed through the bo 
dies of worms and fish, such as feed on the corals of the 
present day, and in whose stomachs he has found impure 
chalk. Thiq, however, cannot be a full explanation of 
the production of chsdk, if we admit some more recent 
discoveries of Professor Ehrenberg. That master of mi- 
croscopic investigation announces, that chalk is composed 
partly of " inorganic particles of irregular elliptic-al struc- 
ture and granular slaty disposition,'* and partly of shells 
of inconceivable minuteness, "varying from the one- 
twelfth to the two hundred and eighty-eighth part of a 
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IineP* — a cubic inch of the substance containing above ten 
millions of them ! The chalk of the north of Europe con- 
tains, he says, a larger proportion of the inorganic matter ; 
that ol the south, a larger proportion of the organic mat- 
ter, being in some instances almost entirely composed of 
it He nas been able to classify many of these creatures 
some of them being allied to the nautilli, numuli, cyprides, 
&c. The shells of some are calcareous, of others silice- 
ous. M. Ehrenberg has likewise detected microscopic 
sea-plants in the chalk. 

The distinctive feature of the uppermost chalk beds in 
England, is the presence of flint nodules. These are ge- 
nerally disposed in layers parallel to each other. It was 
readily presumed by geologists that these masses were 
formed by a chemical aggregation of particles of silica, 
originally held in solution in the mass of the chalk. But 
whence the silica in a substance so different from it! 
Ehrenberg suggests that it is composed of the siliceous 
coverings of a portion of the microscopic creatures, whose 
shells he has in other instances detected in their original 
condition. It remarkable that the chalk with flint 
abounds in the north of Europe ; that loithout flints in the 
south ; while in the northern chalk, siliceous animalcules 
are wanting, and in the southern present in great quanti- 
ties. The conclusion seems but natural, that in the one 
case the siliceous exuviae have been left in their original 
form ; in the other dissolved chemically, and aggregated on 
the common principle of chemical affinity into nodules ot 
flint, probably concentrating, in every instance, upon a 
piece of decaying organic matter, as has been the case 
with the nodules of ironstone in the earlier rocks, and the 
spherules of the oolite. 

What is more remarkable, M. Ehrenberg has ascertain- 
ed that at least fifty-seven species of the microscopic ani- 
mals of the chalk, bein^ infusoria and calcareous-shell- 
ed poiythalamia, are still found living in various parts 
of the earth. These species are the most abundant in the 
rock. Singly they are the most unimportant of all ani- 
mals, but in the mass, forming as they do such enormous 
strata over a large part of the earth's surface, they have an 
importance greatly exceeding that of the largest and no- 
blest of the beasts of the field. Moreover, these species 
have a peculiar interest, as the only specific types of that 
early age which tx"* reproduced in the present day. S^e* 
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cies of sea mollusks, of reptiles, and of mammiifen, have 
been changed « again and again, since the cretaceont 
era; and it is not till a long subsequent ago that we 
find the first traces of any other of even the humblest 
species, which now exist ; but here have these humble 
infusoria and polythalamia kept their place on earth 
through all its revolutions since that time — are we to say 
safe in their very humility, which might adapt them to t 
greater variety of circumstances than most otner animali, 
or are we required to look for some other explanation of 
the phenomenon ? 

All tho ordinary and more observable orders of the in* 
habitants of the sea, except the cetacea, have been found 
in the cretaceous formation — zoophytes, radiaria, mol- 
lusks, Crustacea (in great variety of species,) and fishes in 
smaller variety. In Europe, remains of the marine sau- 
rians have been found ; tney may be presumed to have 
become extinct in that part of the globe before this time, 
their place and destructive ofiSce being perhaps supplied 
by cartilaginous fishes, of which the teeth are found in 
gk'eat quantities. In Amerfta, however, remains of the 
plesiosaurus have been discovered in this part of thestra- 
tified series. The reptiles, too, so numerous in the two 
preceding periods, appear Jo have now much diminished 
m numbers. One, entitled the mosaesaurus, seems to have 
held an intermediate place between the monitor and 
iguana, and to have been about twenty-five feet long, with 
a tail calculated to assist it powerfully in swimming. Cro- 
codiles and turtles existed, and amongst the fishes were 
some of a saurian character. 

Fuci abounded in seas of this era. Confervae are founi 
enclosed in flints. Of terrestrial vegetation, as of terres- 
trial animals, the specimens in the European area an 
comparatively rare, rendering it probable that there wa; 
no dry land near. The remains are chiefly of ferns, coni 
fers, and cycades, but in the two former cases we bavi 
only cones and leaves. There have been discovered man] 

Sieces of wood containing holes drilled by the teredo, am 
lus showing that they had been long drifted about in thi 
ocean before being entombed at the bottom. 

The series in America corresponding to this, entitled 
the ferruginous sand formation, presents fossils generall} 
identical with those of Europe, not excepting the tng 
ments of drilled wood ; showing that, io this^ ss in etrU 
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CT ages, there was a parity of conditions for animal life 
07er a vast tract of the earth's surface. To European 
reptiles, the American formation adds a gigantic one, 
styled the saurodon, from the lizard- like character of iti 
teeth. 

We have seen that footsteps of birds are considered to 
have been discovered in America, in the new red sand- 
stone. Some similau: isolated phenomena occur in the 
subsequent formations. Mr. Mantell discovered some 
bones of birds, apparently waders, in the Wealden. The 
immediate connexion of that set of birds with land, may 
account, of course, for their containing a terrestrial or- 
ganic relic, which the marine beds above and below did 
not possess. In the slate of Glarus, in Switzerland, cor 
spondiug to the English gait, in the chalk formation, the 
remains of a bird have been found. From a chalk bed 
near Maidstone, have likewise been extracted some re- 
mains of a bird, supposed to have been of the long- winged 
swimmer family, and equal in size to the albatross. These, 
it must be owned, are less strong traces of the birds than 
we possess of the reptiles and other tribes ; but it must be 
remembered, that the evidence of fossils as to the absence 
of any class of animals from a certain period of the earth's 
history, can never be considered as more than negative 
Animals, of which we find no remains in a particular for- 
mation, may, nevertheless, have lived at the time, and it 
ma^ only have been from unfavorable circumstances that 
their remains have not been preserved for our inspection. 
The single circumstance of their being little liable to be 
carried down into seas, might be the cause of their non- 
appearance in our quarries. There is at the same time~a 
limit to uncertainty on this point. We see, from what re- 
mains have been found in ihe whole series, a clear ^ro- 
gess throughout, from humble to superior types of being, 
ence we derive a light as to what animals may have ex- 
isted at particular times, which is in some measure inde- 
pendent of the specialties of fossilology. The birds are ' 
oelow the maminalia in the animal scale ; and therefore 
they may be supposed to have existed about the time of 
the new red sandstone and oolite, although we find l^ut 
tlu^ht traces of thein in those formations, and, it may be 
tud» till a considerably later period. 
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i2RA OF THE TERTIARY FORMATIOW .— 
MAMMALIi^ ABUNDANT. 

The chalk-beds are the hiehest which extend orer a 
considerable space } but in hoUows- of these beds, compa 
rativeiy limited in extent, there have been formed series of 
strata — clays, limestones, marls^ alternating — to which 
the name of the Tertiary Formation has been applied* 
London and Paris alike rest on basins of this formation, 
and another such basin extends from near Winchester, 
under Southampton, and re-appears in the Isle of Wight 
There is a patch or fragment of the formation in one of 
the Hebrides. A stripe of it extends along the e.i8t coast 
of North America, from Massa^-husetts to Florida. It is 
also found in Sicily and Italy, insensibly blended with 
formations still in progress. Though comparatively a looil 
formation, it is not of the less importance as a record of 
the condition of the earth during a certain period. As in 
other formations, it is marked, in the most distant locali- 
ties, by identity of organic remains. 

The hollows filled by the tertiary formation must be 
considered as the beds of estuaries left at the conclusion 
of the cretaceous period. We have seen that an estuaiy, 
either by the drifting up of its mouth, or a change of level 
in that quarter, may be supposed to have become an inland 
sheet of water, and that by another change, of the reverse 
kind, it may be supposed to have become an estuary again. 
Such changes the Paris basin appears to have undergone 
oftener than once, for, first, we have there a fresh* water 
formation of clay and limestone beds ; then, a marine* 
limestone formation ; next, a second fresh- water forma- 
tion, in which the materisd of the celebrated platter ef 
Paris (gypsum) is included ; then, a second marine for- 
mation of sandy and limy beds ; and finally, a third series 
of fresh-wate** strata. Such alternations occur in othei 
examples of the tertiary formation likewise. 

The tertiary beds present all but an entirely new set (4 
ammals, and as we ascend in the series, we find more and 
more of these identical with species still existing upon 
earth, as if we had now reached the dawn of the present 
itate of the zoolo^nr of our planet. Bv the study of the 
shells alone, Mr. Lyell has been enabled to divide the 
whoU term into four sab-periods» to which he has giTea 
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names with reference to the proportions which they re- 
spectively present of surviving species — first the eocene 
(from '^Wf , the dawn ; x^f""*^* recent ;) second the mio- 
cene {ueiuv, less :) third older pliocene {irXeuw, more;) 
fourth, newer pliocene. 

EOCfiNi: SVB-PERIOD. 

The eocene period presents, in three continental groups* 
1238 species of shells, of which lorty-two, or 3.5 percent., 
yet flourish. Sgme of these are remarkable enough ; but 
they all sink into insignificance beside the mammalian 
remains which the lower eocene deposits of the Parin ba- 
sin present to us, showing that the land had now become 
the theatre of an extensive creation of the highest class oi 
animals. Cuvier ascertained dboui fifty species of tliose, 
all of them long since extinct. A considerable number 
are pachydermata,* of a character approximating to the 
South American tapir : the names palaeotherium, anthra* 
cotherium, anoplotherium, lophiodon, &c., have been ap- 
plied to them with a consideration of more oi less con- 
spicuous peculiarities ; but a description of the first may 
give some general idea of the whole. It was about the 
size of a horse, but more squat and clumsy, and with a hea- 
vier head, and a lower jaw shorter than the upper ; the 
feet, also, instead of hooves, presented three large toes, 
rounded, and unprovided with claws. These animals were 
all herbivorous. Amongst an immense number of others 
are found many new reptiles, some of them adapted for 
fresh water ; species of birds allied to the sea-lark, cur- 
lew, quail, buzzard, owl, and pelican ; species allied to 
the dormouse and squirrel; also the opossum and ra- 
coon; and species allied to the genette, fox, and wol£ 

MIOCENE SUB-PERIOD. 

In the mioceno sub-period, the shells give eighteen per 
cent, of existing species, showing a considerable advance 
from the preceding era, with respect to the inhabitants of 
the sea. The advance in the land animals is less marked* 
but yet considerable. The predominating forms are still 

• Thick-ikinned animals. This term has been given bj Cuvlat 
to SB ordar in which tht hog, elephant, horse, and riiinooeros aie 
imluded- 
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pachydermatous, and the tapir type continues to be con 
spicuous. One animal of this kind, called the dtfiotheriumf 
is supposed to have been not less than eighteen feet long; 
it had a mole-like form of the shoulder blade, conferring 
the power of digging for food, and a couple of tusks turn- 
ing down from the lower jaw, by which it could have at- 
tached itself, like the walrus, to a shore or bank, while 
its body floated in the water. Dr. Buckland considers 
this and some similar miocene animals, as adapted for a 
semi-aquatic life, in a region where lakes abounded. Be- 
sides the tapirs, we have in this era animals allied to the 
glutton, the bear, the dog the horse, the ho^, and, lastly 
several felinse (creatures of which the iion is the type ;, 
all of which are new forms, as far as we know. There 
was also an abundance of marine mammalia, seals, dol- 
phins, lamantins, walruses, and whales, none of which 
nad previously appeared. 

PLIOCENE SUB-PERIOD. 

The shells of the older pliocene give from thirty-five to 
fifty ; those of the newer, from ninety to ninety-five per 
cent, of existing species. The pachydermata of the pre- 
ceding era now disappear, and are replaced by others be- 
longing to still existing families — elephant, hippopotamus, 
rhinoceros — though now extinct as species. Some of 
these are startling, from their enormous magnitude. The 
great mastodon, whose remains are found in abundance in 
America, was a species of elephant, judged from peculia- 
rities of its teeth, to have lived on aquatic plants, and 
reaching the height of twelve feet. The mammoth was 
another elephant, but supposed to have survived till com- 
paratively recent times as a specimen, in all respects entire, 
was found in 1801, preserved in ice, in Siberia. We are 
more surprised by finding such gigantic proportions in an 
animal called the megatherium, which ranks in an order 
no\y assuming much humbler forms — the edentata — to 
which the sloth, ant-eater, and armadillo belong. The 
megatherium had a skeleton of enormous solidity, with 
an armor-clad body, and five toes, terminating in hvm 
claws, wherewith to grasp the branches, from which, like 
its existing congener, the sloth, it derived its food. The 
mer^lonyx was a similar animal, only somewhat less tham 
the preceding Finally, the pliocene gives us for tii* 
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first time, oxen, deer, camels, and other specimens of the 
ruminantia. 

Such is an outline of the fauna of the tertiary era, as 
ascertained by the illustrious naturalists who first devoted 
their attention to it. It will be observed, that it brings us 
up to the felins, or carnivora, a considerably elevated 
point in the animal scale, but still leaving a blank for the 
quadrumana (monkeys) and for man, who collectively 
form, as will be afterwards seen, the fii*st group in that 
scale. It sometimes happens, however as we have seen, 
that a few rare traces of a particular class of animals are 
in time found in formations originally thought to be desti- 
tute of them, displaying as it were a dawn of that depart- 
ment of creation. Such seems to be the case with at least 
the quadrumana. A jaw-bone and tooth of an animal of 
this order, and belonging to the genus macacus, were found 
in the London clay (eocene,) at Kyson, near Woodbridge, 
in 1839. Another jaw-bone, containing several teeth, 
supposed to have belonged to a species of monkey about 
three feet high, was discovered about the same time in a 
stratum of marl, surmounted by compact limestone, in th« 
iepartment of Gers, at the foot of tne Pjrrenees. Asso> 
eiated with this last were remains of not less than thirty 
mammiferous quadrupeds, including three species of rhi- 
noceros, a large anoplotherium, three species of deer, two 
antelopes, a time dog, a large cat, an animal like a weazel, 
a small hare, and a huge species of the edentata. Both of 
these places are considerably to the north of any region 
now inhabited by the monkey tribes. Fossil remains ot 
quadrumana have been found in at least two other parts 
of the earth — namely, the sub-Himalayan hills, near the 
Sutlej, and in Brazil (both in the tertiary strata;) the iLrst 
being a large species of semnopithecus, and the second, a 
still larscer animal belonging to the American group of 
monkeys, but a new genus, and denominated by its dis- 
coverer. Dr. Lund, protopithecus. The latter would be 
four feet- in height. 

One remarkable circumstance connect^ wit.i the ter- 
tiary formation remains to be noticed — namely, the pre- 
valence of volcanic action at that era. In Auvergne, in 
Catalonia, near Venice, and in the vicinity of Rome and 
Naples, lavas exactly resembling the produce of existing 
volcanoes, are associated and intermixed with the lacua« 
trtiiA as well as marine tertiaries. The superficies of toc^ 
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tiaries in England is disturbed by two great swells, form* 
ing what are called anticlinal axes, one of which diyides 
the London from the Hampshire basin, while the other 
passes through the Isle of Wight, both throwing thestrata 
down at a violent inclination towards the north, as if the 
subterranean disturbing force had waved forward in that 
direction. The Pyrenees, too, and Alps, have both un- 
dergone elevation since the deposition of the tertiaries; 
and in Sicily there are mountains which have risen three 
thousand feet since the deposition of some of the most re- 
cent of these rocks. The general effect of these operations 
was of course to extend the land surface, and to increase 
the variety of its features, thus improving the natural 
drainage, and generally adapting the earth for the recep- 
tion of the hi^er classes of animals. 



ERA OF THE SUPERFICIAL FORMATIONS 



COMMENCEMEirr OF PRESENT SPECISS. 

We have now completed our survey of the series ol 
stratified rocks, and traced in their fossils the progress of 
organic creation down to a time which se^ms not long 
antecedent to the appearance of man. There are, never- 
theless, monuments of still another era or space of time, 
which it is all but certain did also precede that event 

Over the rock formations of all eras, in various parte ci 
the globe, but confined in general to situations not veiy 
elevated, there is a layer of stiff clay, mostly of a blue oo- 
iur, mingled with fragments of rock of all sizes travel- 
worn, and otherwise, and to which geologists give the 
name of diluvium, as being apparently the produce of 
some vast flood, or of the sea thrown into an unusual agi- 
tation. It seems to indicate that, at the time when it 
was laid down, much of the present dry land was under 
the ocean, a s\ipposition whicn we shall see supported by 
other evidence. The included masses of rock have been 
carefully inspected in many places, and traced to particu- 
lar parent beds at considerable distances. Connected 
with these phenomena are certain rock surfaces on the 
•lopes of hills and elsewhere, which exhibit groovingi 
and scratchings, such as we might suppose would be pro 
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iueed by a quantity of loose blocks hurried alon^ oyer 
them by a flood. Another associated phenomenon is that 
called OYX^ and tail, which exists in many places, namely, 
a rocky mountain, or lesser elevation, presenting on one 
side the naked rock in a more or less abrupt form, and 
on the other a eentle slope ; the sites of Windsor, Edin- 
l»urgh, and Stirnne, with their respective casUes, are spe- 
cimens of crag and tail. Finally, we may advert to cer 
tain long ridges of clay and gravel which arrest the atten- 
tion of travellers on the sur&ce of Sweden and Finland, 
and which are also found in the United States, where, 
indeed, the whole of these phenomena have been observ- 
ed over a large surface, as well as in Europe. It is very 
remarkable that the direction from whicn the diluvial 
blocks have generally come, the lines of the grooved rock 
surfaces, the direction of the crag and tail eminences, and 
that of the clay and gravel ridges — phenomena, be it ob- 
served, extending over the northern parts of both Europe 
and America — are all from the north and north-toest to* 
tcardM the south-east. We thus acquire the idea of a 
powerful current moving in a direction from north-west 
to south-east, carrying, besides mud, masses of rock which 
furrowed the solid surfaces as they passed along, abrading 
the north-west faces of many hills, but leaving the slopes 
in the opposite direction uninjured, and in some instances 
forming long ridges of detritus along the surface. These 
are curious considerations, and it has become a question 
of much interest, by what means, and under what circum- 
•fltanoes, was such a current produced. One hypothetical 
answer has some plausibility about it. From m investiga- 
tion of the nature of glaciers, and some observations which 
••eem to indicate that these have at one time extended to 
lower levels, and existed in regions (the Scottish High- 
lands an example) where there is no perennisd snow, it 
has been surmised that there was a time, subsequent to 
the tertiary era, when the circumpolar ice extended far 
into the temperate zone, and formed a lofty, as well as 
extensive accumulation. A change to a higher tempera- 
ture, producing a sudden thaw of this mass, might set 
free such a quantity of water a^ would form a large flood, 
and the southward flow of this deluge, joined to the di- 
rection which it would obtain from the rotary motion of 
cQie globe, would of course produce that compound or 
«ooth-Basterly direction which the phenomena require 
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All of these speculations are as yet far too deficient In 
facts, to be of much value ; and I must freely own that, 
for one, I attach little importance to them. All that we 
can legitimately Infer from the diluvium is, that the north* 
em parts of Europe and America were then under the 
sea, and th£it a strong current set over tbem. 

Connected with the diluvium is the history of ostifertnu 
eavems, of which specimens singly exist at Kirkdale, in 
Yorkshire, Gailenreuth in Franconia, and other places. 
They occur in the calcareous strata, as the great caverns 
generally do, but have in all instances been naturally clo- 
sed up till the recent period of their discovery. The 
floors are covered with what appears to be a b^ of the 
diluvial clay, over which rests a crust of stalagmite, the 
result of the droppings from the roof since the time when 
the clay-bed was laid down. In the instances above spe- 
cified, and several others, there have been found, under the 
clay-bed, assemblages of the bones of animals, of many 
various* kinds. At Kirkdale, for exajmplc, the remains of 
twenty-four species were ascertained — namely, pigeon, 
lark, raven, duck, and partridge ; mouse, water-rat, rab- 
bit, hare, deer, (three species,) ox, horse, hippopotamus, 
rhinoceros, elephant, weazel, fox, wolf, bear, tiger, h^ena. 
From many of the bones of the gentler of these animab 
being found in a broken state, it is supposed that the cave 
was a haunt of hyenas and other predaceous animals, by 
which the smaller ones were here consumed. This must 
have been at a time antecedent to the submersion which 
produced the diluvium, since the bones are covered by a 
bed of that formation. It is impossible not to see here a 
very natural series of incidents. First, the cave is fre- 
quented by wild beasts, who make it a kind of charnel- 
house. Then, submerged in the current which has been 
spoken of, it receives a clay flooring from the waters con- 
taining that matter in suspension. Finally, raised from 
the water, but with no mouth to the open air it remains 
unintruded on for a long series of ages, during which the 
clay flooring receives a new calcareous covering from the 
droppings of the roof. Dr. Buckiand, who examined and 
described the Kirkdale cave, was at first of opinion that it 
presented a physical evidence of the Noacliian deluge ; 
but he afterwards saw reason to consider its phenomens 
as of a time far apart from that event, which rests oneii 
dence of an entirely different kind. 



coMMxircsjfsiiT or pmxBcirT ipzcm. 73 

Our attention is next drawn to the erratic blocks or 
oouldei^, which in many parts of the earth are thickly 
strewn over the surface, particularly in the north of Eu- 
rope. Some of these blocks are many tons in weight, yet 
are clearly ascertained to have belonged originally to situ- 
utions at a great distance. Fra^ents, for example, of the 
granite of Shap Fell are found in every direction around, 
to the distance of fifty miles, one piece heing placed high 
upon Criffel Mountain, on the opposite side of the Solway 
estuary ; so also are fragments of the Alps found far up 
the slopes of the Jun. There are even blocks on the east 
coast of England, supposed to have travelled from Nor- 
way. The only rational conjecture which can be formed 
as to the transport of such massses from so great a dis- 
tance, is one wnich presumes them to have been carried and 
dropped by icebergJB, while the space between their ori- 
ginal and final sites was under ocean. Icebergs do even 
now carry ofi* such masses from the polar coasts, which, 
felling when the retaining ice melts, must take up situa- 
tions at the bottom of the sea, analogous to those in which 
we find the erratic blocks of the present day. 

As the diluvium and erratic blocks clearly suppose one 
last long submersion of the surface, {lasty geologically 
speaking,) there is another set of appearances which as 
manifestly show the steps by which the land was made 
afterwards to reappear. These consist of terraces, which 
have been detected near, and at some distance inland from 
the coast of Scandinavia, Britain, America, and other re- 
gions ; being evidently ancient beaches, or platforms, on 
which the margin of the sea at one time rested. They 
have been observed at difierent heights above the present 
tea- level, from twenty to above twelve hundred feet ; and 
in many places they are seen rising above each other in 
succession, to the number of three, four, and even more. 
The smooth flatness of these terraces, with generally a 
■light inclination towards the sea, the sandy composition 
oi many of them, and, in some instances, the preservation 
of marine shells in the ground, identify them perfectly 
with existing sea-beaches, notwithstanding the cuts and 
scoopings which have every here and there been effected 
in them by water-courses. The irresistible inference from 
the phenomena is, that the highest was first the coast-line ; 
then an elevation took place, and the second hiehest be- 
came aoa the first being now rai^d into the air and thrown 
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inland. Then, upon another elevation, the sea began %& 
form, at its new point of contact with the land, the third 
highest beach, and so on down to the platform nearest to 
the present sea-beach. Phenomena of this kind become 
comparatively familiar to us, when we hear of evidence 
that the last sixty feet of the elevation of Sweden, and 
the last eighty- five of that of Chili, have taken place since 
man first dwelt in those countries ; nay, that the elevation 
of the former country ^oes on at this time at the rate of 
about forty-five inches m a century, and that a thousand 
miles of the Chilian coast rose four feet in one night, 
under the influence of a powerful earthquake, so lately as 
18*22. Subterranean forces, of the kind then exemplmed 
in Chili, supply a ready explanation of the whole pheno- 
mena, though some other operating causes have been sug- 
gested. In an inquiry on this point it becomes of conse- 
quence to learn some particulars respecting the levels. 
Taking a particular beach, it is generally observed that 
the level continues the same along a considerable number 
of miles, and nothing like breaks or hitches has as yet 
been detected in any case. A second and a third beach 
are also observed to be exactly parallel to the first 
These facts would seem to indicate quiet elevating move- 
ments, uniform over a large tract; It must, however, be 
remarked that the raised beaches at one part of a coast 
rarely coincide with those at another part forty or fiifly 
miles off. We might suppose this to indicate a limit in 
that extent of the uniformity of the elevating cause, biit 
it would be rash to conclude positively that such is the 
case. In the present sea, as is well known, there are dif- 
ferent levels at different places, owing to the operation of 
peculiar local causes, as currents, evaporation, and the 
influx of large rivers into narrow mouthed estuaries. The 
differences of level in the ancient beaches might be occt- 
sioned by some such causes. But, whatever doubt may 
rest on this minor point, enough has been ascertained to 
settle the main one, that we have in these platforms indu- 
bitable monuments of the last rise of the land from the 
•ea, and the concluding great event of the geological his- 
tory. 

The idea of such a wide- spread and possibly universal 
■ubmersion unavoidably suggests some considerations as 
ta the effect which it might nave upon terrestrial animal 
Ufa. It seeiQs likely that this would be, 01 such an occi- 
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■on, extensively, if not universally, destroyed. Nor does 
the idea of its universal destruction seem the less plausi- 
ble, when we remark, that none of the species of land 
animals heretofore discovered can be detected at a subse- 
quent period. The whole seem to have been now changed. 
Some geologists appear much inclined to think that there 
was at this lime a new development of terrestrial animal 
life upon the globe, and M. Agassiz, whose opinion on 
such a subject must always be worthy of attention, speaks 
allrbut decidedly for such a conclusion. It must, how- 
ever, be owned, that proofs for it are still scanty, beyond 
the bare fact of a submersion which appears to have had 
a very wide range. I must therefore be content to leave 
this point, as far as geological evidence is concerned, for 
future affirmation. 

There are some other superficial deposits, of less con- 
sequence on the present occasion than the diluvium^ 
namely, lacustrine deposits, or filled-up lakes ; alluvium, 
or the deposits of rivers beside their margins ; deltas, the 
deposits made by great ones at their efflux into the sea ; 
peatmosses; and tne vegetable soil. The animal remains 
found in these generally testify to a zoology on the verge 
of that which still exists, or melting into it, there being 
included many species which still exist. In a lacustrine 
deposit at Market- Weighton, in the vale of York, there 
have been found bones of the elephant, rhinoceros, bison, 
wolf, horse, felis, deer, birds, all or nearly all extinct 
species ; associated with thirteen species of land and fresh 
water shells, ** exactly identical with types now living 
in the vicinity." In similar deposits in North America, 
are remains of the mammoth, mastodon, buffalo, and other 
animals of extinct and living t3rpes. In short, these su- 
perficial deposits show precisely such remains as might 
oe expected from a time at which the present system of 
things (to use a vague but not unexpressive phrase) ob- 
tain^, but yet so far remote in chronology as to allow ol 
the dropping of many species, through familiar causes, in 
the interval. Still, however, there is no authentic or sa- 
tisfactory instance of human remains being found, except 
in deposits obviously of very modern date ; a tolerably 
strong proof that the creation of our own species is a com- 
paratively recent event, and one posterior (generally 
speaking) to all the great natural transactions chronicled 
by geology. 
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GENERAL CONSIDERATIONS 

lESPECTINO THE ORIGIN OF THE ANIMATED TRIBES 

Thus concludes the wondrous chapter of the earth's 
history which is told by geolc^. It takes up our globe 
at the period when its original incandescent state had near- 
ly ceased ; conducts it through what we have every rea- 
son to believe \vere vast or at least very considerable sjm- 
ces of time, in the course of which many superficial 
changes took place, and vegetable and animal life was gra- 
dually developed ; and drops just at the point when man 
was apparently about to enter on the scene. The compi- 
lation of such a history, from materials of so eztraordina^ 
ry a character, and the powerful nature of the evidence 
which these materials afford, are calculated to excite our 
admiration, and the result must be allowed to exalt the 
dignity of science, as a product of man's industry and hii 
reason. 

If there is anything more than another impressed on our 
minds by the course of the geological history, it is, that 
the same laws and conditions of nature now apparent to 
us have existed throughout the whole time, though the 
operation of some of these laws may now be less conspi- 
cuous than in the early ages, from some of the conditions 
having come to a settlement and a close. That seas haye 
flowed and ebbed, and winds disturbed their surfaces in 
the time of the secondary rocks, we have proof on the ^et 
preserved surfaces of the sands which constituted mareins 
of the seas in those days. Even the fall of the wind-uat- 
ed rain is evidenced on the same tablets. The washing 
down of detached matter from elevated grounds, which 
we see rivers constantly en^ed in at the present time^ 
and which is daily shallowing the seas adjacent to their 
mouths, only appear to have proceeded on a greater scale 
in earlier epochs. The volcanic subterranean force, which 
we see belching forth lavas on the sides of mountains, and 
throwing up new elevations by land and sea, was only 
more powerfully operative in distant ages. To turn to 
organic nature, vegetation seems to have proceeded then 
tJcactly as now. The very alternations of the seasons hat 
been re id in unmistakeable characters in sections of the 
trees d those days, precisely as it might be read in a 
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tion of « tree cut down yesterday. The system of prey 
amoBgst animals flourished throughout the whole of the 
pre-human period ; and the adaptation of all plants and 
animals to their respective sphere of existence was as 
perfect in those early ages as it is still. 

But, as has been observed, the operation of the laws- 
may be modified by conditions. At one early age, if there 
was any dry land at all, it was perhaps enveloped in an 
atmosphere unfit for the existence of terrestrial animals, 
and which had to go through some changes before that 
condition was altered. In the carbonjgenouts era, dry land 
seems to have consisted only of clusters of islands, and 
the temperature was much above what now obtains at the 
same places. Volcanic forces, and perhaps also the dis- 
integrating power, seem to have been on the decrease 
since the first, or we have at least long enjoyed an exemp- 
tion from such paroxysms of the former, as appear to have 
prevailed at the close of the coal formation in En^and, 
and throughout the tertiary era. The surface has also 
undergone a gradual progress by which it has become 
always more and more variegated, and thereby fitted for 
the residence of a higher class of animals. 

In pursuing the progress of the development of both 
plants and animals upon the globe, we have seen an ad- 
vance in both cases, along the line leading to the higher 
forms of organization. Among plants we have first sea- 
weeds, afterward land plants : and among these the sim- 
pler (cellular and cryptogamic) before the more complex. 
In the department of zoology, we see zoophytes, radiata, 
mollusca, articulata, existing for ages before there were 
Miy higher forms. The first step forward gives fishes, 
the humblest class of the vertebrata ; and, moreover, the 
earliest fishes partake of the character of the next lowest 
•ab-kinedom, the articulata. Afterward come land ani- 
mals, of which the first are reptiles, universally allowed 
to be the type next in advance from fishes, and to be con- 
nected with these by the links of an insensible gradation. 
From reptiles we advance to birds, and thence to mam- 
malia, which are commenced by marsupialia, acknow- 
ledgedly low forms in their class. That there is thus a. 
progress of some kind, the most superficial glance at the 
eeological history is sufficient to convince us. Indeed 
the doctrine of the gradation of animal forms has received 
a remarkable support from the discoveries of this science. 
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as sereral types formerly wanting to a comptoldon of tbt 
series have been found in a fossil state.* 

It is scarcely less evident, from the geological record, 
that the progress of organic life has observed some corres* 
pondence with the progress of physical conditions on the 
surface. We do not know for certain that the sea, at the 
time when it supported radiated, molluscous, and articu- 
lated families, was incapable of supporting fishes; but 
causes for such a b'mitation are far from inconceivable. 
The huge saurians appear to have been precisely adapted 
to the low muddy coasts and sea margins of the time when 
they flourished. Marsupials appear at the time when the 
surface was generally in that nat, imperfectly variegated 
state in which we find Australia, the region where they 
now live in the greatest abundance, and one which has 
no higher native mammalian type. Finally, it was not 
till the land and sea had come into their present relations, 
and the former, in its principal continents had acquired 
the irregularity of surface necessary for man, that man 
appeared. We have likewise seen reason for supposing 
that land animals could not have lived before the carbon- 
igenous era, owing to the great change of carbonic acid 
gas, presumed to have been contained in the atmosphere 
down to that time. The surplus of this having gone, as 
M. Brogniart suggests, to form the vegetation, whose 
ruins became coal, and the air being thus brought to its 
present state, land animals immediately appeared. So^ 
also, sea-plants were at first the only specimens of vege- 
tation, because there appears to have been no place where 
other plants could be produced or supported. Land ve- 

getation followed, at first simple, afterward complex, pro- 
ably in conformity with an advance of the conditions 
required by the higher class of plants. In short, we see 
everywhere throughout the geological history, 8troii& 
traces of a parallel advance of me physical conditions ana 
the organic forms. 

In examining the fossils of the lower marine creatioSt 
with a reference to the kind of rock in connexion with 
which they are found, it is observed that some strata are 
attended by a much greater abundance of both species and 
individuals than others. They abound most in calcareous 

* Intervals in the seriei were numerous in the department of tfai 
vaehydermata j many of these gaps are now filled up ttom tilt «t 
tia«t genera found in the tertiary IbrmatioB. 
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rocks, which is precisely what might be expected, sinoo 
lime 18 necessary for the formation of the shells of the 
moUusks and articulata, and the hard substance of the 
crinoidea and corals; next in the carboniferous series; 
next in the tertiary ; next in the new red sandstone ; next 
in slates ; and lastly, least of all, in the primary rocks.* 
This may have been the case without regard to the origi- 
nation of new species, but more probably it was other- 
wise ; or why, for instance, should the polypiferous zoo- 
phyta be found almost exclusively in the limestones? 
There are, indeed, abundant appearances as if, through- 
out all the changes of the surface, the various kinds of 
organic life invariably pressed in^ immediately on the 
specially suitable conditions arising, so that no place 
which could support any form of organic being, might be 
left for any length of time unoccupied. Nor is it less re- 
markable how various species are withdrawn from the 
earth, when the proper conditions for their particular 
existence are changed. The trilobite, of which fifty spe- 
cies existed during the earlier formations, was extirpated 
before the secondary had commenced, and appeared no 
more. The ammonite does not appear above the chalk. 
The species, and even genera of adl the early radiata and 
mollusks were exchanged for others long ago. Not one 
species of atay creature which flourished before the ter- 
tiary (Ehrenberg's infusoria excepted) now exists; and 
of the mammalia which arose during that series, many 
forma are altogether gone, while of others we have now 
only kindred species. Thus to find not only frequent 
additions to the previously existing forms, but fre(juent 
withdrawals of forms which had apparently become inap- 
propriate — a constant shifting as well as advance — is a 
fact calculated very forcibly to arrest attention. 

A candid consideration of all these circumstances can 
•carcely fail to introduce into our minds a somewhat dif- 
ferent idai of organic creation from what has hitherto 
been gem rally entertained. That God created animated 
beings af well as the terraqueous theatre of their being, 
IB a uct fir » powerfully evidenced, and so universally re- 
ceived, tl at I at once take it for granted. But in the par- 
ticulars of this so highly supported idea, we surety here 
tee cause for some re-consideration. It may now be in- 

* 8m paper by Profettor Edward Foxbei, read to tLe BiitM 
4MNitofMn. 18M. 
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quired — In what way was the creation of animated beingt 
effected ? The ordinary notion may, I think, be not un- 
justly described as this — that the Almighty Author pro- 
duced the progenitors of all existing species by some sort 
of personal or immediate exertion. But how does this 
notion comport with what we have seen of the ^pradual 
advance of species, from the humblest to the highest? 
How can we suppose an immediate exertion of this crea- 
tive power at one time to produce zoophytes, another 
time to add a few marine mollusks, another to bring in 
one or two conchifers, again to produce crustaceons fishes, 
again perfect fishes, and so on to the end ? This would 
surely he to take a very mean view of the Creative Power; 
to, in short, anthropomorphize it, or reduce it to soma 
such character as that borne by the ordinary proceedingi 
of mankind. And yet this would be unavoidable; for 
that the organic creation was thus progressive throu^ » 
long space of time, rests on evidence which nothing can 
overturn, or gainsay. Some other idea must then be coma 
to with regard to the mode in which the Divine Author 

Eroceeded in the organic creation. Let us seek in the 
istory of the earth's formation for a new suggestion oo 
this point. We have seen powerful evidence, that tha 
construction of this globe and its associates, and inferen- 
tially that of all the other globes of space, was the resolti 
not of any immediate or personal exertion on the part of 
the Deity, but of natural laws which are expressions d 
his will.* What is to hinder our supposing tnat the ot» 
ganic creation is 'also the result of natural laws, which 
are, in like manner, an expression of his will ? Mora 
than this, the fact of the cosmical arrangements being an 
effect of natural law« is a powerful argument for the at» 
ganic arrangements being so, likewise ; for how can wa 
suppose that the august Being who brought all ihesa 
countless worlds into form by the simple establiahmant 
of a natural principle flowing from his mind, was to in- 
terfere personally and specially on every occasion when 
a new shell-fish or reptile was to be ushered into ead^ 
tence on one of these worlds ? Surely this idea is tea 
ridiculous to be for a moment entertained. 

It will be objected that the ordinary conceptiona of 
Christian nations on this subject are directly dairad 
from Scripture, or, at least, are in conformity with it.. If 
they were clearly and unequivocally supported by Sctip* 
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tare, it may readily be allowed that there would be • 
9trong objection to the reception of any opposite I. ypoth^ 
sis. But the fact is, however startling the present an 
nouncement of it may be, that the first chapter of the Mo- 
saic record is not only not in harmony with the ordinary 
ideas of mankind respecting cosmical and organic crea- 
tion, but is opposed to them, and only in accordance with 
the views here taken. When we carefully peruse it with 
awakened minds, we find that all the procedure is repre- 
sented primarily and pre-eminently as flowing from com' 
mands and exprestions oftoiUt not from direct acts. Let 
there be light — let there be a firmament — let the dry land 
appear — ^let the earth brine forth grass, the herb, the tree 
— ^let the waters brin^ forth the moving creature that hath 
life — let the earth bring forth the living creature after his 
Idnd — these are the terms in which the principal acts are 
described. The additional expressions — God made the 
firmament— pGod made the beast of the earth, &c , occur 
subordinately, and only in a few instances ; they do not 
necessarily convey a different idea of the mode of crea- 
tion, and indeed only appear as alternative phrases, in the 
usual duplicative manner of Eastern narrative. Keeping 
this in view, the words used in a subsequent place, ** God 
formed man in his own image,'* cannot well be understood 
88 implying any more than what was implied before, name- 
ly, that man was produced in consequence of an expression 
a( the Divine will to that effect. Thus the scriptural ob- 
iection quickly vanishes, and the prevalent ideas about 
the oreanic creation appear only as a mistaken inference 
from the text, formed at a time when man's ignorance 
prevented him from Rawing therefrom a just conclusion. 
At the same time, I freely own that I do not think it right 
to adduce the Mosaic record, either in ebjection to, or 
support of any natural hypothesis, and this for many rea- 
sons, but particularly for this, that there is not the least 
appearance of an intention in that book to give philoso- 
pnically exact views of nature. 

To a reasonable mind the Divine attributes must ap- 
pear, not diminished or reduced in any way, by supposing 
a creation by law, but infinitely exalted. It is the nar- 
rowest of all views of the Deity, and characteristic of an 
humble class of intellects, to suppose him acting constant- 
ly in particular ways for particular occasions. It, for one 
tlUDg, greatly detracts from his foresight, the most undo* 

7 
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niable of all the attributes of Omnipotence. It lowers fain 
towards the level of our own humble intellects. Much 
more worthy of him it surely is, to suppose that all thingf 
have been commissioned by him from the first, thougb 
neither is he absent from a particle of the current of na^ 
tural afi'airs in one sense, seeing that the whole system is 
continually supported by his providence. Even in human 
affairs, if I may be allowed to adopt a familiar illustra^ 
tion, there is a ccnstant progress from specific action for 
particular occasions, to arrangements which, once estab 
lished, shall continue to answer for a great multitude ot 
occasions. Such plans the enlightened readily form fnr 
themselves, and conceive as bein^ adopted by all who 
have to attend to a multitude of afiairs, while the ignorant 
suppose every act of the greatest public functionary to be 
the result of some special consideration and care on his 
part alone. Are we to suppose the Deity adopting plans 
which harmonize only witn the modes of procedure of the 
less enlightened of our race ? Those who would object to 
the hypothesis of a creation by the intervention of law, do 
not perhaps consider how powerful an argument in favor 
of the existence of God is lost by rejecting this doctrine. 
When all is seen to be the result of law, the idea of an 
Almighty Author becomes irresistible, for the creation of 
a law for an endless series of phenomena — an act of intd- 
ligence above all else that we can conceive-— could have 
no other imaginable source, and tells, moreover, as pow- 
erfully for a sustaining as for an originating power. On 
this point a remark of Dr. Buckland seems applicable : 
'* If the properties adopted by the elements at liie moment 
of their creation adapted them beforehand to the infinity 
of complicated useful purposes which they have already 
answered, and may have still farther to answer, under 
many dispensations of the material world, such an abori- 
ginal constitution, so far from superseding an intelligent 
agent, would only exalt our conceptions of the consum- 
mate skill and power that could comprehend such an in- 
finity of future uses under future systems, in the original 
groundwork of his creation.** 

A late writer, in a work embracing a vast amount ot 
miscellaneous knowledge, but written in a dogmatic style, 
argues at great length for the doctrine of more immediate 
exertions on the part of the Deity in the works of his cre- 
ation. One of the most striking of his iliustratioDs it m 
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fa of such recent origin, that its results cannot be expect* 
ed to be very clear. Some facts however, are worthy ox 
Attention with regard to the present inquiry. It is ascer- 
tained that the basis of all vegetable and animal substances 
consists of nucleated cells ; that is, ceils having granules 
within them. Nutriment is converted into these before 
being assimilated by the system. The tissues are formed 
from them. The ovum destined to become a new crea- 
ture, is originally only a cell with a contained ^nule 
W^ see it acting this reproductive part in the simplest 
manner in the cryptogamic plants. " The parent cell 
arrived at maturity by the exercise of its organic func- 
tions, bursts, and liberates its contained granules. These, 
at once thrown upon their own resources, and entirely 
dependent for their nutrition on the surrounding element^ 
develope themselves into new cells, which repeat the life 
of their original. Amongst the higher tribes of the cryp- 
togamia, the reproductive cell does not burst, but the ^rst 
cells of the new structure are developed within it, and these 
gradually extend, by a similar process of multiplication, 
mto^that primary leaf-like expansion which is the first 
formed structure in all plants."* Here the little cell becomes 
directly a plant , the full- formed living body. It is also 
worthy of remark that, in the sponges, (an animal form,) 
a gemmule detached from the body of the parent, and 
trusting for sustentation only to the fluid into which it has 
been cast, becomes, without further process, the new 
creature. Farther, it has been recently discovered by 
means of the microscope, that there is, as far as can b% 
judged, a perfect resemblance between the ovum of the 
mammal tribes during that early stage when it is passing 
through the oviduct, and the young of the infusory ani- 
malcules. One of the most remarkable of these, the vo2- 
vox globator, has exactly the form of the germ which af- 
ter passing through a long foetal progress becomes a com- 
plete mammifer, an animal of the highest class. It has 
even been found that both are alike provided with those 
eUia, which, producing a revolving motion, or its appear- 
ance, isparUy the cause of the name gi^ren to this animal- 
cule. These resemblances are the more entitled to notice, 
that they were made by various observers, distant from 

* Carpenter's Report on the Results obtained by the Microscope 
fai tiM Study of Anatomy and Physiology, 1843. 

8 



84 OKinERAXi CONtlDERATlOfrS 02f TBS 

tary commencements of species, which would have 
the most inconceivably paltry exercise for an immediately 
creative power, are sufficiently worthy of one operating 
by laws. 

It is also to be observed, that the thing to be accounted 
for is not merely the origination of or^nic being upon 
this little planet, third of a series which is but one ot 
hundreds of thousands of series, the whole of which again 
form but one portion of an apparently infinite globe-peo- 
pled space, where all seems analogous. We have to sup- 
pose that every one of these numberless globes is either a 
theatre of organic being, or in the way of becoming sa 
This is a conclusion which every addition to our know- 
ledge makes only the more irresistible. Is it conceivable, 
as a fitting mode of exercise for creative intelligence, that 
it should be constantly moving from one sphere to ano- 
ther, to form and plant the various species which may be 
required in each situation at particular times ? Is such 
an idea accordant with our general conception of the dig- 
nity, not to speak of the power, of the Great Author? 
Yet such is the notion which we must form, if we adhere 
to thf; doctrine of special exercise. Let us see, on the 
other hand, how the doctrine of creation by law agrees 
with this expanded view of the organic world. 

Unprepared as most men may be for such an announce- 
ment, there can be no doubt that we are able, in this U- 
mited sphere, to form some satisfactory conclusions as to 
the plants and animals of those other spheres which move 
at such immense distances from us. Suppose that the 
first persons of an early nation who made a ship and ven- 
tured to sea in it, observed, as they sailed along, a set ot 
objects which they had never before seen — namely, a fleet 
of other ships — would they not have been justified in sup- 

Eosing that those ships were occupied, like their own, ij 
uman beings possessing hands to row and steer^ eyes to 
watch the signs of the weather, intelligence to guide them 
from one place to another — in short, bein^ in all respects 
like themselves, or only showing such dinerences as they 
knew to be producible by difierence of climate and habite 
of life. Precisely in this manner we can speculate on 
the inhabitants of remote spheres. We see that mattiff 
has originally been difiused in one mass, of which the 
spheres are portions. Consequently, inorganic matter 
must be presumed to be everywhere the same, althoq^ 



ORzeiir OF rHC AinMATXD raiBm. 85 

probably with differences in the proportions of ingredi- 
ents in different globes, and also some difierence of condi- 
tions. Out of a certain number of the elements of inor 
ganic matter are composed organic bodies, both vegetable 
and animal ; such must be the rule in Jupiter and in Sirius, 
as it is here. We, therefore, are all but certain that her- 
baceous and ligneous fibre, that flesh and blood, are the 
constituents of the organic beings of all those spheres which 
are as yet seats of life. Gravitation we see to be an all- 
pervading principle : therefore there must be a relation 
between the spheres and their respective organic occu- 
pants, by virtue of which they are fixed, as far as neces- 
sary, on the surface. Such a relation, of course, involves 
details as to the density and elasticity of structure, as well 
as size, of the organic tenants, in proportion to the gravitv 
of the respective planets — peculiarities, however, which 
may quite well consist with the idea of a univei'sality oi 
general types, to which we are about to come. Electricity 
we also see to be universal ; if, therefore, it be a princi- 
ple concerned in life and in mental action, as science 
strongly suggests, life and mental action must everywhere 
be of one general character. We come to comparatively 
a matter of detail, when we advert to heat and light ; yet 
it is important to consider that these are universal agents, 
and that, as they bear marked relations to organic life and 
structure on earth, they may be presumed to do so in 
other spheres also. The considerations as to light are par- 
ticularly interesting, for, on our globe, the structure of 
one important organ, almost universally distributed in the 
animal kingdom, is in direct and precise relation to it. 
Where there is light there will be eyes, and these, in 
other spheres, will be the same in all respects as the eyes 
of tellurian animals, with only such differences as may be 
necessary to accord with minor peculiarities of condition 
and of situation. It is but a small stretch of the argument 
to suppose that, one conspicuous organ of a large portion 
of our animal kingdom being thus universal, a parity in 
all the other organs — species for species, class for class, 
kingdom for kingdom — is highly likely, and that thus the 
inhabitants of all the other globes of space bear not only 
a general, but a particular resemblance to those of our own. 
Assuming that organic beings are thus spread over all 
tpace, the idea of their having all come into existence by 
the operation of laws everywhere applicable, is only con- 
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formible to that principle, acknowleged to be so generally 
Tisiblc in the affairs of Providence, to have all done bj 
the employment of the smallest possible amount of means 
Thus, as one set of laws produced all orbs and their mo> 
tions and geognostic arrangements, so one set of Uwi 
overspread them ail with life. The whole prodnctiTe 09 
creative ai-rangements are therefore in perfect unity. 
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PARTICULAR CONSIDERATIONS RESPECTING 
THE ORIGIN OF ANIMATED TRIBES. 

The general likelihood of an or^nic dreation by law 
having been shown, we are next to inquire if science has 
any facts tending to bring the assumption more nearly 
home to nature. Such facts there certainly are ; but it 
cannot be surprising that they are comparatively few and 
scattered, when we consider that the inquiry is into one 
of nature's profoundest mysteries, and one which has 
hitherto engaged no direct attention in almost any (quarter. 

Crystallization is confessedly a phenomenon of inorga- 
nic matter ; yet the simplest rustic observer is struck by 
the resemblance which the examples of it left upon a win- 
dow by frost bear to vegetable forms. In some crystaUi- 
zations the mimicry is beautiful and complete ; for exam- 
ple, in the well known one called the Arbor Diana. An 
amalgam of four parts of silver and two of mercury beii^ 
dissolved in nitric acid and water equal to thirty weights 
of the metals being added, a small piece of soft amalgam 
of silver suspended in the solution, quickly gathers to it- 
self the particles of the silver of the amalgam, which form 
upon it a crystallization precisely resembling a shrub. 
The experiment may be varied in a way which serves 
better to detect the influence of electricity in such opera- 
tions, as noted below.* Vegetable figures are also pre- 

* " A glass tube is to be bent into a syphon, and placed witJi dM 
curve downwards, and in the bend is to be pL^ed a small portioa 
of mercurr, not sufficient to close the connexion between the two 
legs ; a solution of nitrate of silver is then to be introduced until 
it rises in both limbs of the tube. The precipitation of the mercuir, 
in the form of an Arbor Dianas, will tnen take place, slowly, onur 
when the srphon is placed in a plane perpendicular to the magneos 
meridian ; but if it be placed in a plane coinciding with the mag* 
Bstic meridian, the action is rapid, and tie crystaUisation partioi 
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'ented in some of the most ordinary appearances of the 
electric fluid. In the marks caused by positive electricity, 
ar which it leaves in its passage, we see the ramifications 
9l a tree as well as of its individual leaves ; those of the 
negative, recall the bulbous or the spreading root, accord 
ing as they are clumped or divergent. These phenomena 
seem to say that the electric energies have had something 
to do in determining the forms of plants. That they are 
intimately connected with vegetable life is indubitable, 
for germination will not proceed in water charged with 
negative electricity, while water charged positively greatly 
fevors it ; and a garden sensibly increases in luxuriance, 
when a number of conducting rods are made to terminate 
in branches over its beds. With regard to the resem- 
blance of the ramifications of the branches and leaves of 
plants to the traces of the positive electricity, and that of 
the roots to the negative, it is a circumstance calling for 
especial remark, that the atmosphere, particularly its 
lower strata, is generally charged positively, while the 
earth is always charged ne^tively. The correspondence 
here is curious. A plant Uius appears as a thing formed 
on the basis of a natural electrical operation — the brush 
realized. We can thus suppose the various forms of 
plants as, immediately, the result of a law in electricity 
variously affecting them according to their organic cha- 
racter, or respective germinal constituents. In the pop- 
lar, the brush is unusually vertical, a^ little divergent ; 
the reverse in the beech ; in the palm, a pencil has pro- 
ceeded straight up for a certain distance, radiates there, 
and turns outwards and downwards ; and so on. We can 
here see at least traces of secondary means by which the 
Almighty Deviser might establish all the vegetable forms 
with which the earth is overspread. ' 

Vegetable and animal bodies are mainly composed of 
the same four simple substances or elements—carbon, 
oz^en, hydrogen, and nitrogen. The first combinations 
of uese in animals are into what are called proximate 
principles, as albumen, fibrin, urea, alantoin, &c., out oi 
which the structure of the animal body is composed. 

iiriy beatttifiil, takii^ place principally in that branch of the sy- 
phon towards the north. If the syphon be placed in a plane per* 
pmdicttlar to the magnetic meridian, and a strong magnet brought 
■Mur it, Uke precipitation will commence in a short time, and bo 
■HWt eopioof in the branch of the syphoo nearest to tae south pole 
if the magnot* 
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Now the chemist, by the association of tvvo parts ctzjgieiii 
four hydrogen, two carbon, and two nitrojB;en, can mak$ 
urea, Alantoin has also been produced artificially. Two 
of the proximate principles being realizable by human 
care, the possibility of realizing or forming all iUi estab- 
lished. Thus the chemist may be said to have it in hil 
power to realize the first step in organization.* Indeed, 
it is fully acknowledged by Dr. Daubeny» that in the com- 
binations forming the proximate principles there is no 
chemical peculiarity. ** It is now certain,*' he says, ** that 
the same simple laws of composition pervade the whde 
creation ; and that, if the organic chemist only takes Uie 
requisite precautions to avoid resolving into their ultimate 
elements the proximate principles upon which he ope- 
rates, the results of his analysis will show that they are 
combined precisely according to the same plan as the 
elements of mineral bodies are known to be."f A parti- 
cular fact is here worthy of attention. " The conversion 
of fecula into sugar, as one of the ordinary processes oft 
vegetable economy, is effected by the production of a se- 
cretion termed diastote, which occasions both the ruptnre 
of the starch vesicles, and the change of their contained 
gum into su^. This diastose may be separately obtained 
by the chemist, and it acts as effectually in his laboratory 
as in the vegetable organization. He can also imitate ii 
effects by other chemical agents."} The writer quoted 
below adds, *' No reasonable ground has yet been adduced 
for supposing that, if we had the power of bringing toga* 
ther the elements of any organic compound, in their re- 
quisite states and proportions, the result would be aay 
other than that which is found in the living bodv." 

It is much to know the elements out of whicn oiganie 
bodies are composed. It is something more to know their 
first combinations and that these are simply chemicaL How 
these combinations are associated in the structure of liv- 
ing bodies is the next inquiry, but it is one to which M 
yet no satisfactory answer can be given. The investigB* 
tion of the minutiae of organic structure by the microsoqie 

* Fattj matter has also been formed in the laboratory. The pn 
cess consited in passing a mixture of carbonic acid, purehydrngia 
and carburetted hydrogen in the proportion of one measure ofUM 
first, twenty of the second, and ten of the third, through a redM 
tabe. 

t Supplement to the Atomic Theory. 

X Carpenter on Lil^ ; Todd'i Cyclopasdia of Fhyiielogj. 



follows; — " The coral polypi, united by a common ani- 
mal band, conatruirt u de&n«l furni in atone \ many kinde 
coiulruct mBny forme. An allolted ioatinct may permit 
each polypus lo construct its own cell, but there \a no su- 
pcrinlendiiig; one to direct the pattern, nor can the work- 
ers uoitp by consultation for such nu'end. There ia no re- 
cipient for an instinct by wliicb tlic pattern might becon- 
■tracted. It ia God alone, therefore, who ia the architect; 
and for this end, consequently, he mudt diapoae of every 
new polypus required to conuniie the pattern, in a new 
and peculiar position, which the animal cauld not hare 
dlacoTered by itself. Yet more, millions of these blind 
workers unite their works to form an island, which ia also 
wrought Qul according to a constant general pattern, and 
of a very peculiar nature, though the separate caral works 
art numerously diverae. Still less, then, here is an in- 
stinct po3sible. The Great Architect himself must exe- 
cute what he planned, in each case eqaally. He uaes thew 
little and senseless animals as hands ; but they are handb 
which himself must direct. He must direct each one 
eTerywhero, and therefore he is ever acting.''* This is a 
most notable example of a dangerous kind of reasoning. 
It is now believed that corals have a general life and sen- 
■ation throughout the whole mass, residing in the netvoua 
tissue which envelopes them; consequently, there is no- 
thing mare wonderful in their determinate general forms 
than in those of other animals. 

It may hera he remarked that there is in our doctrine 
that harmony in all the associalej phenomena which gen- 
erally marks great truths. First, it agrees, as we have 
seen, with the idea of planet-creation by natural law 
Secondly, upon this supposition, all .nat geology tells u* 
of the succession of species appears natur^ and intelligi- 
ble. Organic life preiia in, as has been remarked, wher- 
ever there was.roiim and encouragement for it, the forms 
being always such as suited the ciTCumstances, and in a 
certain relation to them, as, for example, where the lime- 
itone-forming seas produced an abundance of corals, cri 
noidea, and ahell-tish. Admitting for a moment a re- 
oiigination of apecies after a cataclysm, as haa been sur- 
mised by some geologists, though the hypothesis is always 
twcoming less and less tenable, it harmonizes witli nothing 
*a well as the idea of a creation by law. The more aoli- 
^^H* UtcculJaeliatiliiii Altribulet of Ihe Diily,iu.aa« ^ 



90 FABTICULAR CONSIDER ATIOITB OIT TRS 

each other at the time.* It has likewise been z.oted thai 
tlie globules of the blood are reproduced b> the ex- 
pansion of contained granules ; they are, in short, distinct 
organisms multiplied by the samejitsiparotis generation. 
So that all animated nature may be said to be based ou 
this mode of origin ; the fundamental form, of organic be* 
ing is a globule, having a new globule forming within 
liself, by which it is in time discharged, and which ii 
again followed by another and another, in endless snccet- 
sion. It is of course obvious that, if these globules could 
be produced by any process from inorganic elements, we 
should be entitled to say that the fact of a transit from the 
inorganic into the organic had been witnessed in that in- 
stance ; the possibility of the commencement of animated 
creation by the ordinary laws of nature might be consi- 
dered as established. Now it was given out some yean 
ago by a French physiologist, that globiiles couid be pro- 
dueed tn albumen by electricity. If, therefore, these elo- 
bules be identical with the cells which are now held to 
be reproductive, it might be said tijat the production of 
albumen by artificial means is the only s^ep in the procen 
wanting. This has not yet been afiectcti but it is known 
to be only a chemical process, the mode of which may be 
any day discovered in the laboratory, and two compounds 
perfectly co-ordinate, urea and alantoin, have actually 
been produced. 

In such an investigation as the present, it is not un- 
worthy of notice^ that the production of shell is a natural 
operation which can be precisely imitated artificiallj. 
Such an incrustation takes place o:.i both the outside and 
inside of the wheel in a bleaching eoUxblishment, in which 
cotton cloth is rinsed free of the lime employed in its pu- 
rification. From the dressing employed by the weaver, 
the cloth obtains the animal matter, gelatin ; this and the 
lime form the constituents of the incrustation, exacUy as 
in natural shell. In the wheel employed at Catrine, in 
Ayrshire, wheie the phenomenon was first observed by 
the eye of science, it had required ten years to produce t 
coating the tenth of an inch m thickness. This incrusta- 
tion has all the characters of shell, displaying a highly 
polished surface, beautifully iridescent, and, when oro- 



* See Dr. Martin Barry on Finipft»>a8 Oeneration : 
Journal, Oct, 1848. Appearances precisely tiaiilar kave 
iU.e c t e a in the genas of the enu*.«cca. 



fan, > folialed («xture. The examination of it ha* even 
Ihiown aoma lighl on the chiracler and mode of iDTma- 
lion of natural Bhell " The platea inta which the aub- 
ftance is divisible have been fbrmed iij succession, and 
certain intervals of time have elapsed between tbeir for- 
mation; in general, every two contiguous laminffi are 
•enarated by a thin iridescent film, varying ftom three to 
the fifty millionth part of an inch in Ihiehnesa, and pro- 
ducing all the various colors of thin plstts, which correa- 
pond til inlHiDiedinte thicknesses: between some of the 
lamime no such film exists, probably in consequence of 
tbe interval of time between their formation being loo 
•horl; and between others, the film has been formed of 
unequal thickness. There can be no doubt that these 
uJdaacent films are (iinned when the dash-wheel is at rest 
during the night, and that when no film exists between 
twolaminte, an isterval too short for its formation (arising, 
Berbaps, from the slopping of the work during the day) 
Ras elapaed during the drying or induration of one lamina 
and the deposition of another."* From this it has been 
deduced, by a patient investigation, that Ihose colors of 
mother- of- pearl, which are incommunicable to wax, arise 
froio iridescent films deposited between the laminc of its 
•tincture; and it is hence inferred that thr animal, like 
the wheel, rerti prriodically from ill labors in forming 
the nattiral tubttance. 

These, it will be owned, are curious and not irrelevant 
facts j but it will be asked what actual esperienco says 
respecting the origination of life. Are (here, it will be 
■■id, any authentic instances of cither plants or animals, 
of however humble and simple a kind, having come into 
existence otherwise than In the ordinary way of genera- 
tion, since the lime of which geolony forma tbe record ! 
Ii may be answered that the negative of this rjueation 
could not he by any means formidable to the doctrine ol 
law-creation, seeing that the conditions necessary for the 
opifration of the suppossd life-creating laws may not have 
existed within record to anv great extent. On the other 
hand, as we see the physical laws of early times still 
acting trith more or less force, it might not be unreason- 
able la expect that we should still see some remnnnts, or 
partial and occuional workings of the life-creating eaeig 
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amidst a system of things generally stable and at resf Aif 
there, then, any such remna tts to be traced in our oin. 
day, or during man's existence upon earth ? If there be, 
it clearly would form a strong evidence in favor of tha 
doctrine, as what now takes place upon a confined scala 
and in a comparatively casual mannf^, may have former- 
ly taken place on a great scale, ano as the proper and 
eternity-destined means of supplying a vacant globe with 
suitable tenants. It will at the same time be observed 
that, the earth being now supplied with both kinds oi 
tenants in ^reat abundance, we only could expect to find 
the life-onginating power at work in some very special 
and extraordinary circumstances, and probably only in 
the inferior and obscurer deparments of the vegetable andt 
animal kingdoms. 

Perhaps, if the question were asked of ten men 6k ap- 
proved reputation in science, nine out of the number 
would answer in the negative. This is because, io a 
great number of instances where the superficial observeif 
of former times assumed a non-generative origin for life, 
(as in the celebrated case in Virgil's fourth Georgic,) 
either the direct contrary has been ascertained, or ex- 
haustive experiments have left no alternative from the 
conclusion tnat ordinary generation did take place, albeit 
in a manner which escapes ol>servation. Finding that an 
erroneous assumption nas been formed in many casei^ 
modern inquirers have not hesitated to assume that than 
can be no case in which generation is not concerned; an 
assumption not only unwarranted by, but directly opposed 
to, the principles of philosophical investigation. Yet thii 
is truly the point at which the question now rests in the 
scientific world. 

I have no wish here to enter largely into a subject w 
wide and so full of difficulties ; but I may remark, thM 
the explanations usually suggested where lifo takes id 
rise without apparent generative means, always appear to 
me to partake much of the fallacy of the petitio prine^^ 
When, for instance, lime is laid down upon a piece of 
waste moss ground, and a crop of white clover for whieh 
no seeds were sown is the consequence, the explanatioa 
that the seeds have been dormant there for an unknown 
time, and were stimulated into germination when the limt ' 

{produced the appropriate circumstances, appears extreme* 
y unsatisfactory, specially when we know tLml fas il 
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tmliiifHeiitic case under my notice) the spot is man} miles 
from where clover is cultivated, and that there is nothing 
tor six feet below but pure peat moss, clover seeds being, 
moreover, known to he too heavy to be transported, as 
many other seeds are, by the winds. Mushrooms, we 
know, can be propagated by their seed ; bui another mode 
of raising them, wdi known to the gardener, is to mix 
covv a^id horse dung together, and thus form a bed^ in 
which they are expected to grow without any seed being 
planted. It is assumed that the seeds are carried by the 
atmosphere, unperceived by us, and, finding here » ap- 
propriate field for germination, germinate accomingly; 
but this is only assumption, and though designed to be on 
the side of a severe philosophy, in reality make? a pretty 
lar^e demand on credulity. There are severa> persons 
eminent in science who profess at least to find g*^eat diffi- 
culties in accepting the doctrine of invariable geueratioB. 
One of these, m the work noted below,* has stated seve- 
ral considerations arising from analogical reasoning, which 
appear to him to throw the balance of evidence m favor 
of the aboriginal production of infusoria,t the vegetation 
called mould, and the like. One seems to be of great 
force ; namely, that the animalcules, which are supposed 
(altogether hypothetically) to be produced by ova, are af- 
terwards found increasing their numbers, not by that 
mode at all, but by division of their bodies. If it be the 
nature of these creatures to propagate in this splitting or 
fiflsiparous manner, how oould they be communicated to 
a vegetable infusion ? Another fact of very high import- 
ance is presented in the following terms : " The nature of 
the animalcule, or vegetable production, bears a constant 
relation to the state of the infusion, so that, in similar cir- 
cumstances, the same are always produced without this 
being influenced by the atmosphere. There seems to be 
a certuR progressive advance in the produe five powers of 
the infusumy for at the first the animalcules are only of 
the smaller kinds, or monades, and afterwards they 6e- 
€ome grtxdually larger and more eomplicctted in their 
sinurwre ; after a time, the production ceases, although 
the materials are by no means exhausted. When the 

* Dr. Allen Thomsaa, in the article Gentration, in Todd's Cy- 
clopedia of Anatomy «nd Physiology. 

t The term aboriginal is here suggested, as more correct thaa 
spoHtanaom, the one hitherto genecally used. 
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quantity of water is .^- ^n^* 

abundant, the production is usually oi a ve^^VkuMf 't.«(%'j#w . ^'* 
when there is much water, animalcules are more frequent* 
ly produced." It has been shown by the opponents oi 
this theory, that when a vegetable infusion is debarred 
from the contact of the atmosphere, by bein^ closely seal- 
ed up or covered with a layer of oil, no animalcules are 
produced ; but it has been said» on the other haod, that 
the exclusion of the air ma^r prevent some simple condi- 
tion necessary for the aboriginal development of life— and 
nothing is more likely. Perhaps the prevailing doctrine 
is in nothing placed in greater difficulties than it is with 
regard to the entozoa, or creatures which live within the 
bodies of others. These creatures do, and apparently can» 
live nowhere else than in the interior of other lining bo- 
dies, where they generally take up their abode in the vis* 
cera, but also sometimes in the chambers of the eye, the 
interior of the brain, the serous sacs» and other places 
having no communication from without. Some are vivi- 
pnrous, others oviparous. Of the latter it cannot reaioa- 
ably be supposed that the ova ever pass through the me- 
dium of the air, or through the blood-vessels, lor Uiey are 
too heavy for the one transit, and too large for the other. 
Of the former, it cannot be conceived how they pass into 
young animals — certainly not by communication firom the 
parent, for it has often been found that entozoa do not ap- 
pear in certain generations, and some of peculiar and noted 
character have only appeared at rare intervals, and in 
very extraordinary circumstances. A candid view of the 
less popular doctrine^ as to the oriein of this humble form 
of life, is taken hy a distinguished living naturalist "To 
explain the beginning of these worms within the human 
body, on the common doctrine that all created beiiu^ pre- 
ceed from their likes, or a primordial egg, is so difficult, 
that the moderns have been driven to speculate, as cm 
fathers did, on their spontaneous birth ; but they have re- 
ceived the hypothesis with some modification. Thus it 
is not from putrefaction or fermentation that the entoxoi 
are born, for both of these processes are rather fatal to 
their existence, but from the aggregation and fit apposi- 
tion of matter which is already organized, or has oeeo 
thrown from organized surfaces. * • Their origin in 
this manner is not more wonderful or more inexplicable 
than that of many of the inferior animals from sectloni ti 
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^k^inselves. • * Particles of matter fitted by digestion, 
aiiii their transmission throw j^h a living body for immedi- 
ate assimilation with it, or flakes of lymph detached from 
surfaces already organized, seem neither to exceed nor 
fall t»Hlow that simplicity of structure which favors this 
wcuJerful development ; and the supposition that, like 
morsels of a planaria, they may also, when retained in 
contact with living parts, and in other favorable circum- 
stances, continue to live and be gradually changed into 
creatures of analogous conformation, is surely not so ab- 
surd as to be brought into comparison with the Metamor- 
phoses of Ovid. * ♦ We think the hypothesis is also 
supported in some degree by the fact, that the origin of 
the entozoa is favored by all causes which tend to disturb 
the equality between the secerning and absorbent sys- 
ttmt."* Here particles of organized matter are suggest- 
ed as the germinal origin of distinct and fully organized 
animals, many of which have a highly developed repro- 
ductive system. How near such particles must be to the 
Inorganic form of matter may be judged from what has 
been said within the last few pages. If, then, this view 
of the production of entozoa be received, it must be held 
as in no small degree favorable to the genc'*al doctrine 
of an organic creation by law. 

There is another series of facts, akin to the above, and 
which deserves not less attention. The pi^, in its domes- 
tic state, is subject to the attacks of a hydatid, from which 
the wild animal is free ; hence the disease called measles 
in pork. The domestication of the pig is of course an 
Bvent 8ubse<^uent to the origin of man ; indeed, compara- 
tiyely speakine a recent event. Whence, then, the first 
progenitor of this hydatid ? So also there is a tinea which 
attacks dressed wool, but never touches it in its unwashed 
state. A particular insect disdains all food but chocolate, 
and the larva of the oinopota ecllarU lives nowhere but 
in wine and beer, all of these being articles manufactured 
by man. *here is likewise a creature called thepynu" 
lodes eydopum, which is only found in subterranean cavi- 
ties connected with certain specimens of the volcanic for- 
mation in South America, dating from a time posterior 
to the arrangements of the earth for our species. Whence 
the first pymelodes cyclopum ? Will it, to a geologist^ 
appear irrational to suppose that, just as the ptcrodactyle 
* Ailiclo " Zwnibji»t»" Encyclopedia firitaimica, 7tb edition. 
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was added in the era of the new red sandstone, when the 
earth had become suited for such a creature, so may these 
creatures have been added when media, suitable for their 
existence arose, and that such phenomena may take place 
any day, the only cause for their taking place seldom be- 
ing the rarity of the rise of new physical conditions on a 
globe which seems to have already undergone the princi- 
pal part of its destined mutations ? 

Between such isolated facts and the ^eater changes 
which attended various geological eras, it is not easy to 
see any difference, besides simply that of the scale on 
which the respective phenomena took place, as the throw- 
ing off of one copy from an engraved plate is exactly the 
same process as that by which a thousand are thrown o(L 
Nothing is more easy to conceive than that to Creative 
providence the numbers of such phenomena, the time 
when, and the circumstances under which they take place, 
are indifferent matters. The Eternal One has arranged 
for everything beforehand, and trusted all to the opera- 
hon of the laws of his appointment, himself being ever 
present in all things. We can even conceive that man, 
m his many doings upon the surface of the earth, may 
occasionally, without his bein^ aware of it, or otherwise, 
act as an instrument in preparing the association of con- 
ditions under which the creative laws work ; and perhaps 
some instances of his having acted as such an instrument 
have actually occurred in our own time. 

I allude, of course, to the experiments conducted a few 
years a^o, by Mr. Crosse, which seemed to result in the 
production of the heretofore unknown species of insect in 
considerable numbers. Various causes have prevented 
these experiments and their results from receiving candid 
treatment, but they may perhaps be yet found to have 
opened up a new and most interesting chapter of nature's 
mysteries. Mr. Crosse was pursuing some experiments 
in crystallization, causing a powerful voltaic battery to 
operate upon a saturated solution of silicate of potash, 
when the insects unexpectedly made their appearance. 
He afterwards tried nitrate of copper, which is a deadly 

Soison, and from that fluid also did live insects emerge 
discouraged by the reception of his experimentsx Mr 
Crosse soon discontinued them ; but they wure some year* 
after pursued by Mr. Weekes, of SaMwicli, with pre- 
cisely the same results. This gentlemah. besides trying 
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the first of the above substances, employed ferro-cyanetof 
potash, on account of its containing a larger proportion of 
carbon, the principal element of organic bodies ; and from 
this substance the insects were produced in increased 
numbers. A few weeks sufficed for this experiment, with 
the powerful battery of Mr. Crosse , but the first attempt" 
of Mr. Weekes required about elev^en months, a ground 
of presumption in itself that the electricity was chieflj 
concerned in the phenomenon. The changes undergone 
by the fluid operated upon, were in both cases remarkable, 
and nearly alike. In Mr. Weekes' apparatus, the silicate 
of potash became first turbid, then of a milky appearance ; 
round the negative wire of the battery, dipped into the 
fluid, there gathered a quantity of gelatinow mattery a part 
of the process of considerable importance, considering that 
gelatin is one of the proximate principleSf or first com- 
pounds of which animal bodies are formed. From this 
matter, Mr. Weekes observed one of the insects in the 
v^ry act of emerging, immediately after which, it ascend- 
ed to the surface of the fluia and sought concealment in 
an obscure corner of the apparatus. The insects produced 
by both experimentalists seem to have been the same, a 
species of acarus, minute and semi-transparent, and fur- 
nished with long bristles, which can only be seen by the 
Aid of the microscope. It is worthy of remark, that some 
of these insects, soon after their existence had commenc- 
ed, were found to be likely to extend their species. They 
were sometimes observed to go back to the fluid to feed, 
and occasionally they devoured each other.* 

The reception of novelties in science must ever be re- 
gulated very much by the amount of kindred or relative 
phenomena which the public mind already possesses and 
acknowledges, to which the new can be assimilated. A 
novelty, however true, if there be no received truths with 
which it can be shown in harmonious relation, has little 
chance of a favorable hearing. In fact, as has often been 
observed, there is a measure of incredulity from our igno- 
rance as well Ss from our knowledge, and if the most dis- 
tinguished philosopher three hundred years ago, had ven- 
tured to develop any striking new fact which only could 
harmonize with the as yet unknown Copernican solar 
^stem, we cannot doubt thst it would have been univer- 
sally scofled at in the scientific world, such as it then 
* See a pamphlet circulated by Mr. Weekes, in 1843. 
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was, or at the best interpreted in a thousand wrong ways 
in conformity with ideas already familiar. The experi- 
ments above described, finding a public mind which had 
never discovered a fact or conceived an idea at all analo- 
gous, were, of course, ungraciously received. It was 
held to be impious, even to surmise that animals could 
have been formed through any instrumentality of an appa- 
ratus devised by human skill. The more likely account 
of the phenomena was said to be, that the insects were 
only developed from ova, resting either in the fluid, or in 
the wooden frame on which the experiments took place. 
On these objections the following remarks may be made. 
The supposition of impiety arises from an entire miscon- 
ception of what is implied by an aboriginal creation of 
insects. The experimentalist could never be considered 
as the author of ^he existence of these creatures, except 
by the most unreasoning ignorance. The utmost that can 
be claimed for, or imputed to him, is, that he arranged 
the natural conditions under which the true creative 
energy — that of the Divine Author of all things — ^waa 
pleased to work in that instance. On the hypothesis here 
brought forward, the acarits Crossii was a type of being 
ordained from the beginning, and destined to be realized 
under certain physic^ conditions. When a human hand 
brought these conditions into the proper arrangement, it 
did a(n act akin to hundreds of familiar ones which we 
execute every day, and which are followed by natural re- 
sults ; but it did nothing more. The production of the 
insect if it did take place as assumed, was as clearly an 
act of the Almighty himself, as if he had fashioned it 
with hands. For the presumption that an act of aborigi- 
nal creation did take place, there is this to be said that, in 
Mr. Weekes's experiment, every care that ingenuity could 
devise was taken to exclude the possibility of a develop- 
ment of the insects from ova. The wood of the frame 
was baked in a powerful heat ; a bell-shaped glass cover- 
ed the apparatus, and from this the atmosphere was ex- 
cluded by the constantly rising fumes from the liquid, for 
the emission of which there was an aperture so arranged 
at the top of the glass, that only these fumes could pass. 
The water was distilled, and the substance of the silicate 
bad been subjected to white heat. Thus every source ol 
fallacy seemed to be shut up. In such circumstances, a 
candid mind, which sees nothing either impiouR or unphi* 
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osophical in the idea of a new creation, will be disposed 
10 think that there is less difficulty in believing in such a 
creation having actually taken place, than in believing 
that, in tvvG ihsfances separated in place and time, exactly 
the same insects should have chanced to arise from con* 
cealed ova, and these a species heretofore unknown. 

HYPOTHESIS OF THE DEVELOPMENT 

or THE VXGETABLX AND ANIMAL KINGDOMS. 

It has been already intimated, as a general fact, that 
there is an obvious gradation among the families of both 
the vegetable and animal kingdoms, from the simpU 
lichen and animalcule respectively up to the highest order 
of dicotyledonous trees and the mammalia. Confining 
erur attention, in the meantime, to the animal kingdoms- 
it does not appear that this gradation passes along one 
line, on which every form of life can be. as it were, 
strung ; there may be branching or double lines at some 
places, or the whole may be in a circle composed ot 
minor circles, as has been recently suggested. But still 
it is incontestable that there are generad appearances of a 
scale beginning with the simple and advancing to the 
complicated. The animal kin^om was divided by Cuvier 
into four sub-kingdoms, or divisions, and these exhibit an 
unequivocal gradation in the order in which they are here 
enumerated : Radiata (polypes, &c. ;) moUusca (pulpy 
animals;) articulata (jointed animals;) vertebrata (ani- 
mals vrith internal skeleton.) The gradation can, in like 
manner, be clearly traced in the classes into which the 
sub-kingdoms are subdivided, as, for instance, when we . 
take those of the vertebrata in this order — reptiles, fishes, 
birds, mammals. 

While the external forms of all these various animals 
are so difierent, it is very remarkable that the whole are, 
after all, variations of a f\indamental plan, which can be 
traced as a basis throughout the whole, the variations be- 
ing merely modifications of that plan to suit the particu- 
lar conditions in which each particular animal has been 
designed to live. Starting from the primeval germ, which 
•i we have seer , is the representative of a pai^ticular order 
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rf full-grown animals, we find all others to be merely 
Advances from that tvpe, with the extension of endow- 
ments and modification of forms which* aie required ii? 
each particular case ; each form, also, retaining a strong 
afiinity to that which precedes it, and tending to impress 
its own features on that which succeeds. This unity of 
structure, as it is called, becomes the more remarkaole, 
when we observe that the oralis, while preserving a re- 
semblance, are often put to different uses. For example : 
the ribs become, in the serpent, organs of locomotion, and 
the snout is extended, in the elephant, into a prehensile 
instrument. 

It is equally remarkable that analogous purposes are 
served in different animals by organs essentiadly different 
Thus, the mammalia breathe by lungs ; the fishes, by gills. 
These are not modifications of one organ, but distinct or- 
gans. In mammifers, the gills exist and act at an early 
stage of the foetal state, but afterward go back and appear 
DO more ; while the lungs are developed. In fishes, again, 
ihe gills only are fully developed ; while the lung struc- 
ture either makes no advance at all, or only appears in the 
rudimentary form of an air-bladder. So, also, the b^deen 
of the whale and the teeth of the land mammalia are dif- 
ferent organs. The whale, in embryo, shows the rudi- 
ments of teeth ; but these, not being wanted, are not de- 
veloped, and the baleen is brought forward instead. The 
land animals, we may also be sure, have the rudiments of 
baleen in their organization. In many instances, a par- 
ticular structure is found advanced to a certain point in a 
particular set of animals (for instance, feet in the serpent 
bibe), although it is not there required in any degree; 
but the peculiarity, being carried a little farther forward, 
is perhaps useful in the next set of animals in the scale. 
Such are called rudimentary organs. With this class of 
phenomena are to be ranked the useless mammae of the 
male human being, and the unrequired process of bone in 
the male opossum, which is needed in the female for sup- 
.porting her pouch. Such curious features are most con- 
K>icuou8 in animals which form links between rarioos 
classes. 

As formerly stated, the marsupials, standing at the bot- 
tom of the mammalia, show their affinity to the oviparous 
vertebrata, by the rudiments of two canals passing from 
near the anus to the external surfaces of the viscera, which 
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are fully developed in fishes, being requij«er by them for 
the respiration of aerated waters, but which* are opt need* 
ed by the atmosphere-breathing marsupialii. 'We have 
also the peculiar form of the sternum and rib-boiies of the 
lizards represented in the mammalia in certain whitf^car-, 
tilaginous lines traceable among their abdominal mUsclea' 
The struphionids (birds of the ostrich type) form a link'' 
between birds and mammalia, and in them we find the* 
^ings iniperfectly or not at sill developed, a diaphragm 
%nd urinary sac (organs wanting in other birds,) and 
feathers approaching the nature of hair. Again, the orni- 
thoiynchus belongs to a class at the bottom of the mam- 
malia, and approximating to birds, and in it behoid the 
bill and the web-feet of that order ! 

For farther illustration, it is obvious that, various as 
may be the lengths of the upper part of the vertebral col 
umn in the mammalia, it always consists of the same parts. 
The girafie has in its tall neck the same number of bones 
with the pig, which scarcely appears to have a neck at 
all.* Man, again, has no tail ; but the notion of a much- 
ridiculed philosopher of the last century is not altogether, 
as it happens, without foundation, for the bones of a cau- 
dal extremity exist in an undeveloped state in the oi coe» 
^ygi^ of the human subject. The limbs of all the verte- 
brate animals are, in like manner, on one plan, however 
various they may appear. In the hind leg of a horse, for 
example, tfcte angle called the hock is the same part which 
in us forms the heel ; and the horse, and all other quad- 
rupeds, with almost the solitary exception of the bear, 
walk, in reality, upon what answer to the toes of a human 
being. In this and many other quadrupeds the fore part 
of the extremities is shrunk up in a hoof, as the tail of a 
human being is shrunk up in the bony mass at the bot- 
tom of the back. The bat, on the other hand, has these 
parts largely developed. The membrane, commonly call- 
ed its wing, is framed chiefly upon bones answering pre- 
cisely to those of the human hand ; its extinct congener, 
the pterodactyle, had the same membrane extended upon 
he fore- finger only, which in that animal was prolonged 
to an extraordinary extent. In the paddles of the whale, 
and other animals of its order, we see the same bones as 
in the more highly developed extremities of the land 

* Daubenton established the rule, that all the Tiviparoni qna# 
mpeds have levea yertebra in the uock. 
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mammifers^ alid'even the serpent tribes, which pretei^ 
no exteHiai appearance of such extremities, possess them 
in reality,' but m an undeveloped or rudimental state. 

T1^ same law of development presides over the vegeta- 
Me gangdom. Amongst pnanerogamous plants, a certain 
Immber of organs appear to be always present, either in a 
"developed or rudimentary state; and those which are 
rudimentary can be developed by cultivation. The flow- 
ers, which bear stamens on one stalk and pistils on another 
can be caused to produce both, or to become perfect flow- 
ers, by having a sufficiency of nourishment supplied to 
them. So also, where a special function is required for 
particular circumstances, nature has provided for it not by 
a new organ, but by a modification of a common one, 
which she has effected in development. Thus, for in- 
stance, some plants destined to live in arid situations, 
require to have a store of water which they may slowly 
absorb. The need is arranged for by a cup-like expan- 
sion round the stalk, in which water remains after a 
shower. Now the pitcher, as this is called, is not a new 
organ, but simply a metamorphose of a leaf. 

These facts clearly show now all the various organic 
forms of our world are bound up in one — ^how a fundamen- 
tal unity pervades and embraces them all, collecting them, 
from the humblest lichen up to the highest mammifer, in 
one system, the whole creation of which must have de- 
pended upon one law or decree of the Almighty, though 
it did not all come forth at one time. After what we have 
seen, the idea of a separate exertion for each must appear 
totally inadmissible. The single fact of abortive or rudi- 
mentary organs condemns it ; for these, on such a suppo- 
sition, could be regarded in no other light than as blem- 
ishes or blunders — the thing of all others most irreconcil- 
able with that idea of Almighty Perfection which a gene- 
ral view of nature so irresitibly conveys. On the other 
hand, when the organic creation is admitted to have been 
c^e^ted by a general law, we see nothing in these abor- 
tive parts but harmless peculiarities of development, and 
interesting evidences of the manner in which the Divintf 
Author has been pleased to work. 

We have yet to advert to the most interesting claso of 
facts connected with the laws of organic development It 
is only in recent times that physi<uogists have observed 
that each animal passes, in the courser of its germinal his- 
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k>ry, through a series of changes resembling thi permanent 
forms of the various orders of animals inferior to it in the 
scale. Thus, for instance, an insect, standing at the head 
of the articulated animals, is, in the larva state, a true 
unneiid, or \vorm, the annelida being the lowest in the 
same class. The embyro of a crab resembles the perfect 
inimal of the inferior order mvriapoda, and passes through 
ftll the forms of transition which characterize the interme- 
diate tribes of Crustacea. The frog, for some time after itg 
birth, is a fish with external gills, and other organs fitting 
it for an aquatic life, all of which are changed as it ad- 
vances to maturity, and becomes a land animal. The 
mammifer only passes through still more stages, accord- 
ing to its higher place in the scale. Nor is man himself 
exempt from this law. His first form is that which is 
permanent in the animalcule. His organization gradually 
passes througlT conditions generally resembling a fish a 
reptile, a bird, and the lower mammalia, before it attains 
its specific maturity. At one of the last stages of his fcetal 
career, he exhibits an intermaxillary bone, which is cha- 
racteristic of the perfect ape ; this is suppressed, and he 
may then be said to take leave of the simial type, and 
become a true human creature. Even, as we shall see, 
the varieties of his race are represented in the progressive 
development of an individual of the highest, before we see 
the adult Caucasian, the highest point yet attained in the 
animal scale. 

To come to particular points of the organization. The 
brain of man, which exceeds that of all other animals in 
complexity of organization, and fulness of development, 
is, at one early period, only ** a simple fold of nervous mat 
ter, with difficulty distinguishable into three parts, while 
a little tail-like prolongation towards the hinder parts, and 
which had been the first to appear, is the only represen- 
tation of a spinal marrow. Now, in this state it perfect- 
ly resembles the brain of an adult fish, thus assuming in 
transitu the form that in the fish is permanent. In a short 
time, however, the structure is become more complex, 
the parts more distinct, the spinal marrow better marked , 
it is now the brain of a reptile. The change continues ; 
by a sin^lar motion, certain parts, {corpora quadragc' 
mina) which had hitherto appeared on the upper surface 
now pass towards the lower ; the former is their perraa- 
aent situation in fishes and reptiles, the Utter in bir<l# 
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and mammalia. This is another advance in the scale, bm 
more remains yet to be done. The complication of tht 
organ increases; cavities termed ventrides are formed^ 
which do not exist in fishes,- reptiles, or birds ; curiously 
organized parts, such as the corpora striata, are added ; il 
19 now the brain of the mammalia. Its last and final 
change alone seems wanting, that which shall render it 
the brain of max. "* And this change in time takes place. 

So also with the heart. This organ, in the mammalia, 
consists of four cavities, but in the reptiles of only three, 
and in fishes of two only, while in the articulated animals 
it is merely a prolonged tube. Now in the mammal foetus, 
at a certain early stage, the organ has the form of a pro- 
longed tube ; and a human being may be said to hare (hen 
the heart of an insect. Subsequently it is shortened and 
widened, and becomes divided by a contraction into two 
parts a ventricle and an auricle ; it is now the heart of a 
fish. A subdivision of the auricle afterwards makes a 
triple chambered form, as in the heart of the reptile tribes ; 
lastly, the ventricle being also subdivided, it becomes a 
full mamma} heart. 

Another illustration here presents itself with the force 
of the most powerful and interesting analogy. Some ol 
the earliest fishes of our globe, those of the Old Red 
Sandstone, present, as we have seen, certain peculiarities, 
as the one-sided tail and an inferior position of the mouth. 
No fishes of the present day, in a mature state, are so 
characterized ; but some, at a certain stage of their e^t- 
ence, have such peculiarities It occurred to a geologist 
to inquire if the fish which existed before the Old Red 
Sandstone had any peculiarities assimilating them to the 
fcetal condition of existing fish, and particularly if they 
. were small. The first which occur before the time of the 
Old Red Sandstone, are those described by Mr. Murchlson, 
as belonging to the Upper Ludlow Rocks ; they are cJl 
rather small. Still older are those detected by Mr. Philips, 
in the Aymestsy Limestone, being the most ancient of the 
class which have as yet been discovered ; then are so 
extremely minute as only to be distinguishable by the 
microscope. Here we apparently have very clear demon* 
strations of a parity, or rather identity, of laws presiding 

• Lord's Popular Physiology. It is to Tiederaann that we chiofr 
It owe these curious observations- but ground was first biokcaia 
this branch of physiological science by Dr. John Banter 
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crer the development of the animated tribes on the&ceof 
Che earth, and that of the individual in embryo. 

The tendency of all these illustrations is to make us 
look to development as the principle which has been, im- 
mediately com^med iL the peopling of this globe, a pro- 
cess extending over a vast space of time, but whicn is 
nevertheless connected in character writh the briefer pro- 
cess^by which an individual being is evoked from a simple 
germ. What mystery is there here — and how shall I pro- 
ceed to enunciate the conception which I have ventured 
to form of what may prove to be its proper solution ! It 
is an idea by no means calculated to impress by its great- 
ness, or to puzzle by its profoundness. It is an idea more 
{narked by simplicity than perhaps any other of those 
which have explained the great secrets of nature. But in 
this lies, perhaps, one of its strongest claims to the faith 
if mankind. 

The whole train of animated beings, from the simplest 
tnd oldest up to the highest and most recent, are, then, to 
!»e regardec] as a series gS advances of the principle •qfde* 
velopment, which have depended upon external physical 
circumstances, to which the resulting animals are appro- 
priate. I contemplate the whole phenomena as having 
been in the first place arranged in the counsels of Divine 
Wisdom, to take place not only upon thin sphere, but 
upon all the others in space, under necessary modifica- • 
tions. and as being carried on, from first to la^, here and 
elsewhere, under the immediate favor of the creajtive will 
or energy.* The nucleated vesicle, the fundamental form 
of all organization, we must regard as the meeting-point 
between the inorganic and the organic — the end of the 
mineral and the beginni\ig of the vegetable and animal 
kingdoms, which thence Start in different directions, but 
in perfect parallelism and analogy. We have already seen 
that this nucleated vesicle is itself a type of mature and 
independent being in the infusory animalcules, as well as 
tile s*:arting point of the foetal progress of every higher in- 
dividual in creation, both animal and vegetable. We have 

* When I fonned this idea, T was not aware of one which seems 
faintly to foreshadow it— namely, Socrates's doctrine, afterwards 
dilated on by Plato, that '-* previous to the existCBce of the world, 
and beyond Us present limits, there existed certain archetypen, the 
embodiment (ii we may use such a word) of general ideas ; and 
that these archetyiies were models^ in imitati«B of which all pafti* 
Kolar b«ings were created." 

9 
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seen (hat it is a form of being which electric agency wiB 
produce — though not, perhaps, usher into full life — in 
albumen, one of those compound elements of animal bo- 
dies, of which another (urea) has been made by artificial 
mean^. Remembering these things, we are drawn on to 
the supposition, that the first step in the creation of life 
upon this planet was a chemico-eUctric operation^ by 
which simple germinal vesicles were produced. This is 
so much, but what were the next steps ? Let a common 
vegetable infusion help us to answer. There, as we have 
seen, simple forms are produced at first, but afterwards 
they become more complicated, until at length the life- 
producing powers of the infusion are exhausted. Are we 
to presume that, in this case, the simple engender the 
complicated? Undoubtedly, this would not be more won- 
derful as a natural process than one which we never think 
of wondering at, because familiar to us — namely, that in 
the gestation of the mammals, the animalcule-like ovum 
of a few days is the parent, in a sense, of the chick-like 
form of a few weeks, and that in all the subsequent stages 
—fish, reptile, dec. — the one may, with scarcely a meta- 
phor be said to be the progenitor of the other. I suggest, 
then, as an hypothesis already countenanced by much that 
is ascertained, and likely to be further sanctioned by 
much that remains to be known, that the first step was an 
advance voider favor of peculiar conditions ^ from the sim- 
plest forms of beingy to the next more complicated^ and 
this through the medium of the ordinary process of gene- 
ration. 

Unquestionably, what we ordinarily see of nature, is 
calculated to impress a conviction that each species inva- 
riably produces its like. But I would here call attention 
to a remarkable illustration of natural law which has been 
Drought forward by Mr. Babbage, in hkJVinth Bridgevpatet 
Treatise. The reader is requested to suppose himsel 
seated before the calculating machine, and observing it 
It is moved by a weight, and there is a wheel whicn re- 
volves through a small angle round its axis, at short inter- 
vals, presenting to his eye successively, a series of num- 
bers engraved on its divided circumference. 

Let the figures thus seen be the series, 1, 2, 3, 4, 5»&c. 
of natural r ambers, each of which succeeds iti immediate 
antecedent ly unity. 

**Now, eader/' says^r Babbage, <*let meadc ycm 
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.ong you will have cr untcd befoia yea are firmly 
need that the engine has been so adjusted that it 
:ontinue, while its motion is maintained, to produce 
one series of natural numbers ? Some minds are so 
ituted that, after passing the first hundred terms, 
will be satisfied that they are acquainted with the 
After seeing five hundred terms few will doubt, and 
the fifty- thousandth term the propensity to believe 
he succeeding term will be fitty thousand and one, 
t>e almost irresistible. That the term will be fifty 
and and one ; and the same regular succession will 
lue ; the five millionth and the fifty millionth term 
till appear in their expected order, and one unbro* 
hain of natural numbers will pass before your eyes, 
one up to one hundred million. 
'rue to the vast induction which has been made, the 
succeeding term will be one hundred million and 
but the next number presented by the rim of tbe 
I, instead of being one hundred million and two, if 
undred million ten (hotuand and two. The whtt^^ 
, from the commencement, being thus, — 

1 

2 

3 

4 

5 



99,999,999 

100,000,000 

irly as far as 100,000,001 



100,010,002 the law changMi 

100,030,003 

100,060,004 

100,100,005 

100,150,006 

100,210,007 

100,280,008 



he law which seemed at first to govern this leriet 
at the hundred million and second term. This 



\Ub BrvoTKJEfttf or thx oetklopmsmt or 

term u larger tlian we expected by 10,000. The neit 
term i<B Wgor than was anticipated by 30,000, and tiie 
dcuti of each term above what we had expected, formt 
the fo)lcv\'ing table : 

10,000 

30,000 

60,000 

100,000 

).')0,000 



being, in fact, 'ihe series of triangular numbers,* each 
multiplied by 10,000. 

" If we now continue to observe the numbers presented 
by the wheel, we shall find that for a hundred, or even 
for a thousand terms, they continue to follow the new law 
relating to the triangular numbers; but after watching 
them for 2761 terms, we find that this law fails in the 
case of the 2762d term. 

•* If we continue to observe, we shall discover another 
law then coming into action, which also is dependent, but 
in a different manner, on triangular numbers. This will 
continue through about 1430 terms, when a new law is 
again introduced which extends over about 050 terms, 
and this, too, like all its predecessors, fails, and gives 
place to other laws, which appear at different intervals. 

<* Now it must be observed that the law that each num' 
her presented by the engine is greater b^ unity than Ae 
preceding fiuniber, which law the observer had deduced 
from an induction of a hundred million instances, was 
not the trtte law that 7-egulated its action, and that tlie 
occurrence of the number, 100,010,002 at the 100,000,002d 
term was as necessary a conseqiienee of the original ad* 

* The numbers 1, 3, 6, 10, 15, 31, 38, &c., are formed by adding 
the luocessive termi of the seriei of natural numbers thus : 

1= 1 
1X3= 8 
lX3X3=s 6 
1X3X3X4= 10. fco. They are called tria» 

Elar numbers, because a number of pohits corresponding to aaj 
m can always be placed in the form of a triangle ; lor liisrsimo 
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putmentf and might have been as fully foreknonm at the 
commencetJMnti at was the regular tucceuion of any one 
of the intermediate numbers to itr immediate antecedent. 
Tho same remark applies to the next apparent deviation 
from the new law, which was founded on an induction of 
2761 terms, and also to the succeeding law, with this lim- 
itation only — that, whilst their consecutive introduction 
at various definite intervals, is a necessary consequence 
of the mechanical structure of the engine, our knowledge 
of analysis does not enable us to predict the periods them- 
selves at which the more distant laws will be introduced.** 
It is not difficult to apply the philosophy of this passage 
to the question under consideration. It must be borne m 
mind that the gestation of a single organism is the work 
of but a few days, weeks, or months ; but the gestation 
(so to speak) of a whole creation is a matter probably^in- 
volving enormous spaces of time. Suppose tnat an ephe- 
meron, hovering over a pool for its one April day of life, 
were capable of observing the fry of the frog in the water 
below. In its aged afternoon, having seen no chanfi;e 
upon them for such a long time, it would be little quali- 
fied to conceive that the external branchiae of these crea* 
tures were to decay, and be replaced by internal lungs, 
that feet were to be developed, the tail erased, and the 
animal then to become a denizen of the land. Precisely 
such may be our difficulty in conceiving that any of the 
fpecies which people our earth is capable of advancing 
by generation to a higher type of being. During the 
whde time which we call the historical era, the limits 
(tf species have been, to ordinary observation, rigidly ad- 
hered to. But the historical era is, we know, only a 
small portion of the entire age of our globe. We do not 
know what may have happened during the ages which 

E seeded its commencement, as we do not know what may 
ppen in ages yet in the distant future. All, therefore, 
that we can properly infer from the apparently invariable 
production of like by like is, that such is the ordinary 

Jirocedure of nature in the time immediately passing be- 
bro our eyes. Mr. Babbage's illustration powerfully sug- 
gests that this ordinary procedure may be subordinate to 
t higher law which only permits it for a time, and in pro- 
ger season interrupts and changes it. We shall soon see 
lome philosophical evidence for this very conclusion. 
It has been seen that, in the reproduction of the higher 




110 HYV0THE8IB OF THF DEVXXiOPMairr OF 

animals, the new being passe*, through stages in which it 
is successively fish-like and reptile- like. But the resem- 
blance is not to the adult fish or the adult reptile, but to 
the fish and reptile at a certain point in their foetal' pro- 
gress ; this holds true with regard to the vascular, nervous, 
and other systems alike. It may be illustrated by a sim- 
ple diagram. The foetus of all the four classes may be 
supposed to advance in an identical condition to the point 
\. The fish there diverges and passes M 
along a line apart, and peculiar to itself, 
JO its mature state at F. The reptile, 
^ird, and mammal, go on together to C, j^ 
jirhere the reptile diverges in like man- 
ner, and advances by itself to R. The 
bird diverges at D, and goes oh to B . 
Tha mammal then goes forward in a 
straight line to the highest point of or- . 
ganization at M. This diagram shows 
only the main ramifications; but the 
reader must suppose minor ones, represent the subordi- 
nate differences of orders, tribes, families, genera, &c., if 
he wishes to extend his views to the whole varieties of 
being in the animal kingdom. Limiting ourselves at pre- 
sent to the outline afforded by this diagram, it is apparent 
that the only thing required for an advance from one type 
to another in the generative process is that, for example 
the fish embryo should not diverge at A, but go on to C be- 
fore it diverges, in which case the progeny will be not a fish 
but a reptile. To protract the straightforward part of thi 
gestation over a small apace — and from species to species 
the space would be small indeed — is all that is necessary. 
This might be done by the force of certain external 
conditions operating upon the parturient system. The 
nature of these conditions we can only conjecture, for 
their operation, which in the geological eras was so power- 
f j1, has in its main strength been long interrupted, and is 
now perhaps only allowed to work in some of the lowest 
departments of the organic world, or under extraordinary 
casualties in some of the higher, and to these points the 
attention of science has as yet been little directed. Bnt 
though this knowledge were never to be clearly attained, 
it need not much affect the present arg iment, provided it 
be satisfactorily shewn that there must be some such in* 
fluence within the rai>ge of natural things. 
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To this conclusion it must be greatly conducive that the 
law of organic development is still daily seen at work to 
certain effects, only somewhat shoi-t of a transition from 
species to species Sex we have seen to be a matter oi 
development. There is an instance, in an humble depart- 
ment of the animal world, of arrangements being made 
by the animals themselves for adjusting this law to the 
production of a particular sex. Amongst bees, as amon^t 
several other insect tribes, there is in each community 
but one true female, the queen bee, the workers being 
false females or neuters ; that is to say, sex is carried on 
*Ji them to a point where it is attended by sterility. The 
preparatory states of the queen bee occupy sixteen days 
those of the neuters, twenty ; and those of males twenty-' 
four. Now it is a fact, settled by innumerable observa- 
tions and experiments, that the bees can so modify a 
worker in the larva state, that, when it emerges from the 
pupa, it is found to be a queen or true female. For this 
purpose they enlarge its cell, make a pyramidal hollow to 
allow of its assuming a vertical instead of a horizontal 
position, keep it warmer than other larvae are kept, and 
£eed it with a peculiar kind of food. From these simple 
circumstances, leading -to a shortening of the embryotic 
condition, results a creature different in form, and also in 
dispositions, from what would have otherwise been pro- 
duced. Some of the organs possessed by the worker are 
here altogether wanting. We have a creature " destined 
to ei^joy love, to burn with jealousy and an^er, to be in- 
cited to vengeance, and to pads her time without labor," 
instead of one " zealous for the good of the community, a 
defender of the public rights, enjoying an immunity from 
the stimulas of sexual appetite and the pains of parturi- 
tion ; laborious, industrious, patient, ingenious, skilful ; 
incessantly engaged in the nurture of the young, in col- 
lecting honey and pollen, in elaborating wax, in con- 
structing cells and the like ! — paying the most respectful 
and assiduous attention to objects which, had its ovaries 
been developed, it would have hated and pursued with the 
most vindictive fury till it had destroyed them !"* All 
these changes may be produced by a mere modification of 
the embryotic progress, which it is within the power of 
the adult animals to effect. But it is important to observe 
that Ibis modification is different from working a direct 

*Xirby and Specce, 
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chuiee upon the embryo. It is not the different fooit 
which effects a metamorphosis. All that is done is mere- 
ly to accelerate the period of the insect's perfection. By 
the arrangements made and the food given, the embryo 
becomes sooner fit for being ushered forth in its image or 
perfect state. Development may be said to be thus ar- 
rested at a particular stage — that early one at which the 
female sex is complete. In the other circumstances, it is 
allowed to go on four days longer, and a stage is then 
reached between the two sexes, which in this species is 
designed to be the perfect condition of a lai^e portion of 
the community. Four days move make it a perfect male. 
It is at the same time to be observed that there is, from 
the period of oviposition, a destined distinction between 
the sexes of the young bees. The queen lays the whole 
of the e^gs which are designed to become workers, beforo 
she begins to lay those which become males. But proba- 
oly the condition of her reproductive system governs the 
matter of sex. for it is remarked that when her impregna- 
tion is delayed beyond the twenty-eighth day of her entire 
existence, she lays only eggs which become males. 

We have here, it will be admitted, a most remarkable 
illustration of the principle of development, although in 
an operation limited to the production of sex only. Let 
it not be said that the phenomena concerned in the gene- 
ration of bees may bd very different from those concerned 
in the reproduction of the higher animals. There is 9t 
unity throughout nature which makes the one case an in- 
structive reflection of the other. 

We shall now see an instance of development operat- 
ing within the production of what approacnes to the cha- 
racter of variety of species. It is fully established that a 
human family, tribe, or nation^ is liable in the course oi 
venerations, to be either advanced from a mean form to » 
nigher one, or degraded from a higher to a lower, by the 
influence of the physical conditions in which it lives. 
The coarse features, ar.d other structural peculiarities d 
the negro race, only continue while these people livf 
amidst the circumstances usually associated with barbar- 
ism In a more temperate clime, and higher social state» 
the face and figure become greatly refined. The few 
African nations which possess any civilization also exhi- 
bit forms approaching the European; and when the same 
people in the United States- of America have enjoyed e 
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<^ithin>door life for several generations they assimilate 
to the whites amongst whom they live. On the other 
hand, there are authentic instances of a people ori^nally 
well-formed and good-looking, being brought, by imper- 
"ect diet and a variety of physical hardships, to a mean- 
er form. It is remarkable, that prominence of the jaws, 
t recession and diminution of the cranium, and an elong- 
ation and atenuatton of the limbs, are peculiarities always 
produced by these miserable conditions for they indicate 
tn unequivocal retrogression towards the type of the 
lower animals. Thus we see nature alike willing to 
go back and to go forward. Both effects are simply the 
result of the operation of the law of development in the 

generative system. Give good conditions, it advances; 
ad ones, it recedes. Now, perhaps, it is only because 
there is no longer a possibility, in the higher types of 
being, of giving sufficiently favorable conditions to carry 
on species to species, that we see the operation of the law 
•o far limited. 

Let us trace this law also in the production of certain 
classes of monstrosities. A human foetus is often left with 
one of the most important parts of its frame imperfectly 
developed : the heart, for instance, goes no farther than 
the three-chambered form, so that it is the heart of a rep- 
tile. There are even instances of this organ being left m 
the two-chambered or fish-form. Such defects are the re- 
' suit of nothing more than a failure of the power of deve- 
lopment in the system of the mother, occasioned by weak 
health or misery. Here we have apparently a realization 
of the converse of those conditions which carry on spe- 
cies to species, so far, at least, as one organ is concerned 
Seeing a complete specific retrogression in this one point, 
how easy it is to imsq^ine an access of favorable conditions 
■ufficient to reverse the phenomenon, and ma^e a fish 
mother develop a reptile heart, or a reptile mother de- 
velop a mammal one. It is no great boldness to surmise 
that a super-adequacv in the measure of this under-ade- 
quacy, (and the one thing seems as natural an occurrence 
as the other) would suffice in a goose to give its pro8:eny 
the body of a rat, and produce the ornithorynchus, or 
might give the progeny of an ornithorynchus the mouth 
tnd feet of a true rodent, and thus complete at two stagee 
the passage from the aves to the mammalia. 
Perhaps even the transition from species to species doee 
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iftill take place in some of the obscurer fields of creation, 
or under extraordinary casualties, though science pro- 
fesses to have no such facts on record. It is here to be re- 
marked, that such facts might often happen, and yet no 
record be taken of them, for so strong is the prepossession 
for the doctrine of invariable like- production, that such 
circumstances, on occurring, would be almost sure to be 
explained away on some other supposition, or, if present 
ed, would be disbelieved and neglected. Science, there- 
fore, has no such facts, for the very same reason that 8om« 
small sects are said to have no discreditable members — 
namely, that they do not receive such persons, and ex- 
trude all who begin to verge upon the character. There 
are, nevertheless, some facts which have chanced to be 
reported without any reference to this hypothesis, and 
which it seems extremely difficult to explain satisfactori- 
ly upon any other. One of these has already been men- 
tioned — a progression in the forms of the animalcules in a 
vegetable infusion from the simpler to the more compli- 
cated, a sort of microcosm, representing the whole histo- 
ry of the progress of animal creation as displayed by ge- 
ology. Another is given in the history of the Acarus 
Crossii, which may be only the ultimate stage of a series 
of similar transformations effected by electric agency in 
the solution subjected to it. There is, however, one di- 
rect case of a translation of species which has been pre- 
sented with respectable amount of authority.* It appears 
that, whenever oats sown at the usual time are kept crop- 
ped down during summer and autumn, and allowed to re- 
main over the winter, a thin crop of rye is the harvest 
presented at the close of the ensuing summer. This ex- 
periment has been tried repeatedly, with but one result: 
invariably the seecUe cereale is the crop reaped where the 
avena sativa^ a recognised different species, was sown. 
Now it will not satisfy a strict inquirer to be told that the 
seeds of the rye w^re latent in the ground, and only su- 
perseded the dead product of the oats ; for if any such fact 
were in the case, why should the usurping grain be al- 
ways rye ? Perhaps those curious facts which have been 
stated with regard to forests of one kind of trees, when 
burnt down, being succeeded (without planting) by other 
kinds, may yet be found most explicable, as this is, upon 

• See an article by Dr. Weissenbon:, In the New Series of *• Mt^ 
fazixuB of Net' iral Ilistory," toL i p. Stl, 
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the h3rpothesis of a progression of species which takes 
place under certain favoring conditions, now apparently 
of comparatively rare occurrence. The case of the oati 
is the more valuable, as bearing upon the suggestion as to 
a protraction of the gestation at a pai'ticular part of its 
course. Here, the generative process is, by the simple 
mode of cropping down, kepi up for a whole year beyond 
its usual term. The type is thus allowed to advance, and 
what was oats becomes rye. 

The idea, then, which I form of the ])rc^e8S of organic 
life upon the globe — and the hypothesis is applicable to 
all similar theatres of vital being — is, that the simplest 
and most primitive type under a law to which that of 
like- production is suhorditiate, gave birth to the type next 
above it, that this again produced the next higher, and so 
on to the very highest, the stages of advance oeing in dl 
cases very small — namely, from one species only to an- 
other ; so that the phenomenon has always been of a sim- 
ple and modest character. Whether the whole of any spe 
cies was at once translated forward, or only a fevsr parents 
were employed to give birth to the new type, must remain 
undetermined ; but, supposing that the former was the 
case, we must presume that the moves along the line or 
lines were simultaneous, so that the place vacated by one 
species was immediately taken by, the next in succession, 
and so on back to the first, for the supply of which the 
formation of a new germinal vesicle out of inorganic mat- 
ter was alone necessary. Thus, the production of new 
forms, as shown in the pages of the geological record, has 
never been anything more than a new stage of progress in 
gestation, an event as simply natural, and attended as lit- 
Ue by any circumstances of a wonderful or startling kind^ 
as the silent advance of an ordinary mother from one week 
to another of her pregnancy. Yet, be it remembered, the 
vvhole phenomena are, in another point of view, wonders 
of the highest kind, for in each of them we have to trace 
the effect of an Almighty Will which had arranged the 
whole in such hai-mony with external physical circum- 
stances, that both were developed in parallel steps-^and 
probably this development upon our planet is but a sam- 
ple of what has taken place, through the same cause, in 
all the other countless theatres of being which are sus* 
pended in space. 

This may be the proper place at which to introduce tl 
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preceding illustrations in a form calculated to bring there 
more forcibly before the mind of the reader. The follow- 
ing table was suggested to me, in consec^uence of seeing 
the scale of animated nature presented in Dr. Fletcher's 
Rudiments of Physiology. Tsucing that scale as its basis, 
it shows the wonderful parity observed in the progress of 
creation as presented to our observation in the succession 
of fossils, and also in the foetal progress of one of the prin* 
cipal human organs.* This scale, it may be remarked, 
was not made up with a view to support such an hypo- 
thesis as the present, nor with any apparent regard to the 
history of fossils, but merely to express the appearance d[ 
advancement in the orders of the Cuvierian system, as- 
suming, as the criterion of that advancement, •« an in- 
crease in the number and extent of the manifestations of 

* " It is a fact of the highest interest and moment that » the 

brain of every tribe of animals appears to pass, during its develop- 

mont, in succession through the types of all those below it, so the 

brain of man passes through the typss of those of every tribe in the 

creation. It represents, accordingly, before the second month <rf 

utero'gestation, that of an avertebrated animal ; at the second 

month, that of an osseous fish ; at the third, that of a turtle ; at 

the fourth, that of a bird : at the fifth that of one of the rodentia ; 

at the sixth, that of one of the niminantia; at the seventh, thato< 

one of the digitlgrada ; at the eighth, that of one of the quadrumana j 

till at length, at the ninth, it compasses the brain of Man ! It if 

hardly necessary to say, that all this is onlv an approximation to 

the truth j since neither is the brain of all osseous fishes, of aU 

turtles, of all birds, nor of all the species of any one of the above 

order of raamals, by any means precisely the same, nor does the 

brain of the human foetus at anytime precisely resemble, perhaps, 

that of any individual whatever among the lower animaJs. Never* 

theless, it may be said to represent, at each of the abovementioit 

ed periods, the aggregate, as it were, of the brains of each of the 

tribes stated ; consisting as it does, about the second month, chiefly 

of the mesial parts of the cerebellum, the corpora quadrigemina, 

thalami optici, rudiments of the hemispheres of the cerebrum and 

cori>ora striata *, and receiving in succession, at the third, the m* 

diments of the lobes of the cerebrum ; at the fourth those of the 

fornix, corpus callosum, and septum lucidum ; at the fifth, the tn- 

bor annulare, and so forth the posterior lobes of the cerebrum in 

creasing from before to behind, so as to cover the thalami optid 

about the fourth month, the corpora quadrieemina al lut the aixth 

and the cerebellum about the seventh. This, then, is another ex 

ample of an increase in the complexity of an organ succeeding Hi 

centralization ; as if nature, having first piled up her materials la 

one spot, delighted afterwards to employ her abundance^ not M 

inuch in enlarging old parts as in formine new ones upon the old 

foundations, aad thus adding to the complexity of a fabric ther 

dimental structure pf which is in aU ^ njmft la equally siiiiiilt* 

FMchmr't BMiimcfUM ofPhyMlogy, 
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life, or of the relations which an organized being bears to 
the external world." Excepting in the relative situation 
of the annelida and a few of the mammal orders, the pari- 
ty is perfect ; nor may even these small discrepancies ap- 
pear when the order of fossils shall have been further in 
yestigated, or a more correct scale shall have been form 
ed. Meanwhile, it is a wonderful evidence in favor of 
our hyoothesis, that a scale formed so arbitrarily should 
coinciae to such a nearness with our present knowledge 
of the succession of animal forms upon earth, and also 
that both of these series should harmonize so well with 
the view given by modern physiologists of the embryotic 
progress of one of the organs of the highest order of animals 
The reader has seen physical conditions several times 
referred to, as to be presumed to have in some way go- 
verned the progress of the development of the zoological 
circle. This language may seem vague, and, it may be 
asked — can any particular physical condition be adduced 
as likely to have afiected development ? To this it may 
be answered, that air and light are probably amongst the 
principal agencies of this kind which operated in educing 
the various forms of being. Light is found to be essen- 
tial to the development of the individual embryo. When 
tadpoles were placed in a perforated box, and that box 
sunk in the Seme, light being the only condition thus ab- 
stracted, they grew to a great size in their original form, 
but did not pass through the usual metamorphose which 
brings them to their mature state as frogs. The proteus, 
an animal of the frog kind, inhabiting the subterraneous 
waters of Carniola, and which never acquires perfect 
lungs so as to become a land animal, is presumed to be an 
example of arrested development, from the same cause. 
When, in connexion with these facts, we learn that hu- 
man mothers living in dark and close cells under ground, 
that is to say, with an inadequate provision of air and 
fight — are found to produce an unusual proportion of de- 
fective children,* we can appreciate the important ef 
fects of both these physical conditions in ordinary repro 
duction. Now there is nothing to forbid the supposition 
that the earth has been at different stages of its career 

* Some poor people haying taken up their abode in the celli 
uder the fortifications of Lisle, the proportion of defective infanta 
DTOdttced by them became so great, that it was deemed necesaazj 
to i«ra« an order commanding these )ells to be shut up. 
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inder different conditions, as to both air and light. 0» 
the contrary, we have seen reason for supposing that the 
proportion of carbonic acid ^s (the element fatal to ani- 
mal life) was larger at the time of the carboniferous for- 
mation than it afterwards became. We have also seea 
that astronomers regard the zodiacal light as a residuum 
of matter, enveloping the Pun, and which was probably at 
one time denser than it is now. Here we have the indi- 
cations of causes for a progress in the purification of the 
atmosphere and in the diflfuision of light during the earlier 
ages of the earth's history, with which the progress of or- 
ganic life may have been conformable. An accession to 
the proportion of oxygen, and the eflVilgence of the cen- 
tral luminary, may have been the immediate prompting 
cause of ail those advances from species to species which 
we have seen, upon other grounds, to be necessarily sup- 
posed as having taken place. And causes of the like na- 
ture may well be supposed to operate on other spheres of 
being, as well as on this. I do not indeed present these 
ideas as furnishing the true explanation of the process of 
organic creation; they are merely thrown out as hints to- 
wards the formation of a just hypothesis, the completion 
of which is only to be looked for when some considerable 
advances shall have been made in the amount and charac- 
ter of our stock of knowledge. 

Early in this century, M. Lamarck, a naturalist of the 
highest character, suggested an hypothesis of organic pro- 
cess which deservedly incurred much ridicule, although 
it contained a glimmer of the truth. He surmised, and 
endeavored with a great deal of ingenuity, to prove, that 
one being advanced in the course of generations to ano- 
ther, in consequence merely of its experience of wants 
calling for the exercise of its faculties in a particular di- 
rection, by which exercise new developments of organf 
took place, ending in variations sufficient to constitute a 
new species. Thus he thought that a bird would be 
driven by necessity to seek its food in the water, and that^ 
in its efforts to 9wim, the outstretching of its claws would 
lead to the expansion of the intermediate membranes, and 
it would thus become web-footed. Now it is possible 
that wants and the exercise of faculties have entered in 
some manner into the production of the phenomena 
which we have been considering ; but certainly not in the 
way fluggeited by Lamarck, whose whole notion m dbTi« 
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ously 80 inadequate to account for the rise of the organic 
kingdoms, that we only can place it with pity among the 
follies of the wise. Had the laws of organic development 
Deen known in his time, his theory might have been of a 
more imposing kind. It is upon tiiese that the present 
hypothesis is mainly founded. I take existing natural 
means, and show them to have been capable of producing 
all the existing organisms with the simple and easily 
conceivable aid of a higher generative law, which we 
perhaps still see operating upon a limited scale. I also 
go beyond the French philosopher to a very important 
point, the original Divine conception of all the forma ot 
being which these natural laws were only instruments in 
working out and realizing. The actuality of such a con- 
ception I hold to be strikingly demonstrated by the disco- 
veries of Macleay, Vigors and Swainson, with respect to 
the affinities and analogies of animal (and by implication 
vegetable) organisms.* Such a regularity in the strueture, 
as we may csdl it, of the classificaHon of animals, as is 
shown in their systems, is totally irreconcilable with the 
idea of form going on to form merely as needs and wishes 
in the animals themselves dictated. Had such been the 
case, all would have been irregular, as things arbitrary 
necessarily are. But, lo, the whole plan of being is as 
symmetrical as the plan of a house, or the laying out ot 
an old-fashioned garden ! This must needs have been 
devised and arrranged for beforehand ! And what a pre- 
conception or forethought have we here ! Let us only 
for a moment consider how various are the external phy- 
sical conditions in which animals live-— climate, soil, 
temperature, land, water, air — the peculiarities of food, 
and the various ways in which it is to be sought ; the pe- 
culiar circumstances in which the business of reproduc- 
tion and the care taking of the young are to be attended to-^ 
all these required to be taken into account, and thousands 
of animals were to be formed suitable in organization and 
mental cl iracter for the concerns they were to have with 
these var' >us conditions and circumstances — here a tooth 
fitted for crushing nuts ; there a claw fitted to serve as a 
hook for uspension ; here to repress teeth and develop a 
bony net-work instead ; there to arrange for a bronchial 
apparatus*, to last only for a certain brief time ; and all 
these animals were to be schemed out, each as a part of 
* TliM« afliaititt tad analogtes art txplaintd in the aext ohapCtf 
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a grbat range, which was on the whole to be rigidly regu- 
lar * let us, I say, only consider these things, and we shall 
see that the decreeing of laws to bring the whole aboat 
was an act involving such a de^ee of wisdom and device 
as we only can attribute, adoringly, to the one Eternal 
and Unchangeable. It may be asked, how does this re« 
dection comport with that timid philosophy which would 
have us to draw back from the investigation of Grocfs 
works, lest the knowledge of them should mak6 us under- 
value his greatness and forget his paternal charater ? Doee 
it not rather appear that our ideas of the Deity can only be 
worthy of him in the ratio in which we advance ma 
knowledge of his works and ways ; and that the acquiaitioa 
t>f this knowledge is consequently an available means oi 
dur growing in a genuine reverence for him ! 

But the idea that any of the lower animals have been 
toncerned in any way with the origin of man — is not thil 
degrading ? Degrading is a term, expressive of a notion 
of the human mind, and the human mind is liable to pre* 
judices which prevent its notions from being invariably 
correct. Were we acquainted for the first time with the 
circumstances attending the production of an individoal 
of our race, we might equally think them degradingy-and 
be eager to deny them, and exclude them from the^bmt* 
ted truths of nature. Knowing this fact familiarly and 
beyond contradiction, a healthy and natural mind finds no 
difficulty in regarding it complacently. Creative Provi- 
dence has been pleased to order that it should be so, and 
it must therefore be submitted to. Now the idea as to 
the progress of organic creation, if we become satisfied of 
its ti'uth, ought to be received precisely in this spirit 
It has pleased Providence to arrange that one species 
should give birth to another, until the second highest gave 
birth to man, who is the very highest : be it so, it is onr 
part to admire and to submit. The very faint^t notion 
of there being anything ridiculous or degrading in the 
theory — how absurd does it appear, when we remember 
that every individual amongst us actually passes throng 
the characters of the insect, the fish, and reptile (to speak 
nothing of others,) before he is permitted to breattie the 
breath of life ! But such notions are mere emanations of 
false pride and ignorant prejudice. He who conceives 
them, little reflects that they, in reality, involve the prin* 
ciple of a contempt for the works and ways of God. Foi 
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it may be asked, if He, as appears, has chosen to employ 
mferior organisms as a generative medium for the produc- 
tion of higher oQes, even including ourselves, what right 
have we, nis humble creatures, to find fault ? There is, 
also, in this prejudice, an element of unkindliness towards 
the lower animals, which is utterly out of place. These 
creatures are all of them part products of the Almighty 
Conception, as well as ourselves. All of them display 
wondrous evidences of his wisdom and benevolence. AU 
of them have had assigned to them by their Great Father 
a part in the drama of the organic world, as well as our- 
selires. Why should they be held in such contempt? 
Let US regard them in a proper spirit, as parts of the 
grand plan, instead of contemplating them in the light 
of frivolous prejudices, and we shall be altogether at a 
loss to see how there should be any degradation in the 
idea of our race having been genealogically connected 
mitb them. 

MACLEAY SYSTEM OF ANIMATED NATURE. 

TRXB SYSTEM COXSIDERED IX CONITEXIOX WITH THE 
PXU>GRESS OF ORGAmC CREATION, AKD AS IKSICAT- 
2fG THE XATURAIi STATUS OF MAX. 

It is now high time to advert to the system formed by 
the animated tribes, both with a view to the possible il- 
lustration of the preceding argument, and for the li^ht 
which it throws upon that general system of nature which 
it is the more comprehensive object of this book to ascer 
tain. 

The vegetable and animal kingdoms are arranged upon 
a scale, starting from simply organized forms, and going 
on to the more complex, each of these forms being bui 
slightly different from those next to it on both sides. 
The lowest and most slightly developed forms in the two 
kingdoms are so closely connected, that it is impossible to 
sav where vegetable ends and animal begins. United at 
what may be called their bases, they start away in diffe- 
rent directions, but not altogether to lose sight of each 
other. On the contrary the^ maintain a strict analoey 
throughout the whole of their subsequent courses, sub^ 
kingdom for sub-kingdom, class for class: showing a 

10 
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beautiful, though as yet obscure relation betineen the tvn 
grand forms of being, and consequently a unity in the 
laws which brought them both into existence. So com* 
plete does this analogy appear even in the present imper 
feet state of science, that I fully expect in a few years to 
see the animal and vegetable kingdoms duly ramced up 
against each other in a system of parallels, which will 
admit of our assigning to each species in the former the 
particular shrub or tree corresponding to it in the latter, 
all marked by unmistakable analogies of the most inte- 
resting kind. 

It is as yet but a few years since a system of subordinate 
analogies not less remarkable began to be speculated upon 
as within the range of the animal kingdom. Probably it 
also exists in the vegetable kingdom ; out to this point no 
direct attention has been given ; so we are left to infer that 
such is the case from theoretical considerations only. We 
are indebted for what we know of these beautiful analogies 
to three naturalists — Macleay, Vigors, and Swainson, 
whose labors tempt us to dismiss in a great measure the 
artificial classifications hitherto used, and make an entire- 
ly new conspectus of the animal kingdom, not to speak of 
the corresponding reform which wul be required in our 
systems of botany also. 

The Macleay system, as it may be called in honor of its 
principal author, announces that, whether we take the 
whole animal kingdom, or any definite division of it, we 
shall find that we are examining a group of beings which 
is capable of being arranged along a series of dose affini- 
ties, in a circular form — that is to say, starting from any 
one portion of the group, when it is properly arranged, we 
can proceed from one to another by minute gradations, till 
at length having run through the whole, we return to the 
point whence we set out. All natural groups of animals 
are, therefore, in the language of Mr. Maeisay, circular; 
and the possibility of throwing any supposea group into 
a circular arrangement is held as a decisive test of its be 
ing a real natural one. It is of course to be understood 
that each circle is composed of a set of inferior circles ; 
for example, a set oi tribe circles composes an order, a 
set of order circles, again, forms a class ; and so on. Of 
each group, the component circles are invariably five m 
number : thus in the aninral kingdom, there are five sob* 
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kingdbms— the vertebrata, annnlosa,* radiata, acrita.f 
mollusca. Take, again, one of these sub-kingdoms, the 
▼ertebrata, and w^ find it composed of five classes — the 
mammalia, reptilia, piscis, amphibia, and avcs, each of the 
other sub-kingdoms bein^ similarly devisable. Take the 
mammalia, and it is in like manner found to be compos- 
ed of five orders — ^the cheirotheria,t fers, cetacea, glires, 
ungulata. Even in this numerical uniformity, which goes 
down to the lowest ramifications of the system, there 
would be something very remarkable, as arming a defi- 
nite and preconceived arrangement; but this is only the 
least curious part of the Macleay theory. 

We shall best understand the wonderfully complex sys- 
tem of analogies developed by that theory, if we start from 
the part of the kingdom in which the}r were first traced — 
namely, the class aves, or birds. This gives /or its five 
orders — tncessores, (perching birds,) raptores, (birds of 
prey,) natatores, (swimming birds,) grallatons, (waders,) 
ra9ore», (scrapers.) In these orders our naturalists dis- 
cerned distinct organic characters, of different degrees ot 
perfectness, the first being the most perfect vnth regard to 
the general character of the class, and therefore the best 
representative of that class ; whence it was called the 
typical order. The second was found to be inferior, or 
rather to have a less perfect balance of qualities ; hence it 
was designated the aub-typieal. In this are comprehended 
the chief noxious and destructive animals of the circle to 
which it belong^. The other three groups were called 
aberrant, as exhibiting a much wider departure from the 
typical standard, although the last of the three is observed 
to make a certain recovery, and join on to the typical 
group so as to complete the circle. The first of the aber- 
rant groups (natatores) is remarkable for making the water 
the theatre of its existence, and the birds composing it are 
in general of comparatively large bulk. The second 
(grallatores) are long-limbed and long-billed, that they 
may wade and pick up their subsistence in the shallows 
and marshes in which they chiefly live. The third (rasores) 
ire distinguished by strong feet, for walking or running on 
the ground, and for scraping in it for their food : also by 

* Corresponding to the articulata of Cuvier. 
t A new sab-kingdom, made out of part of the radiate Of Cnvier 
\ ThJs is a newlj applied term, the reasons for which will be ex 
plaiBed In the sequel 



194 ' MACI<£AT 8T8TBM Or 

wings designed to scaicely raise them off the earth ; and| 
farther, by a general domesticity of character and useful* 
ness to man. 

Now, the most remarkable circumstance, is, that these 
organic characters, habits, and moral properties, were 
found to be traceable more or less distinctly in the corre* 
spending portions of every other gi'oup, even of those be- 
longing to distant subdivisions of the animal kingdom, as, 
for instance, the insects. The incessores (typicad order of 
aves) being reduced to its constituent circles or trib^, it 
was found that these strictly represented the five orders. 
In the eonirostres are the perfections which belong to tbe 
incessores as an order, with the conspicuous external fea- 
ture of a comparatively small notch m their bills ; in the 
dentirostres, the notch is strong and toothlike, (hence the 
name of the tribe,) assimilating them to the raptores ; the 
^strostres come into analogy with the natatores in the 
slight development of their feet and their great powers ot 
flight ; the tenuirostres have the small mouths and long 
soft bills of the grallatorea. Finally, the seansores resem- 
ble the rasores in their superior intelligence and docility, 
and in their having strong limbs and a bill entire at the tip. 
This parity of qualities becomes clearer when placed ih 
a tabular form : — 

Orders of Bird8 Ckaraetert. Trjbei oflnctnwru 

¥«,.<.<><>»,•». 3 Most perfect of their circle ; ? f. . ,, ,„.„. 

Incessores - -^ notch of biU smaU - : ^ Conlroatrefc 

Raptores - • Notch of bill like a tooth • Dentirostret. 

Natatoi,. - •j^fSJi|S?;S}''«^''f«*i .jFi«i«,rt».. 

Orallatores - • Small mouths ; long soft blUs Tennirostret. 

Some comprehensive terms are much wanted tc dei* 
cribe these five characters, so curiously repeated through* 
out the whole of the animal, and probably also the vegeta* 
ble kingdom. Meanwhile, Mr. Swainson calls them tjr« 

gical, sub-t^rpical, natatorial, suctorial,* and rasoriu. 
ome of his illustrations of the principle are exceedingly 

* This is Inferred to grallatorial, as more comprehensiTCly d» 
■c riptide. There is the same need for a lubstitute for r>«xii]| 
which is only applicable to birds. 
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interesting. He shows that the leading animal of a typi- 
cal circle usually has a combination of properties concen- 
trated in itself, without any of those preponderating re- 
markably over others. The sub-typical circles, he says, 
** do not comprise the largest individuals in bulk, but al- 
ways those which are the most powerfUly armed, either 
for inflicting injury on their own class, for exciting terror, 
producing injury, or creating annoyance to man. Their 
oispositions are often sanguinary, since the forms most 
conspicuous among them live by rapine, and subsist on 
the blood of other animals. They are, in short, symboU 
lically types of evil.** This symbolical character is most 
conspicuous about the centre of the series of gradations :— 

Kingdom ... . . Annulosa. 

Sub-kingdom . . . Reptilia. 

Class (Mammalia) * . . Fers. « 
(Aves) ... . . Raptores. 

In the annulosa it is not distinct, although we must also . 
remember that insects do produce enormous ravages and 
annoyance in many parts of the earth. In the reptilia it 
is more distinct, since to this class belong the ophidia, 
(serpents,) an order peculiarly noxious. It comes to a 
land of climax in the fersB and raptores, which fulfil the 
function of butchers among land animals. As we descend 
through tribes, families, genera, species, it becomes faint- 
er and fkinter, but never altogether vanishes. In the 
dentirostres, for instance, we have in a subdued form the 
hooked bill and predaceous character of the raptores ; to 
ttiis tribe belongs the family of the shrikes, so deadly to 
aU the lesser field birds. In the genus bos, we have, in 
the sub-typical group, the bison, " vnld, revengeful, and 
showing an innate detestation of man.** In equus, we 
have, in the same situation, the zebra, which actually 
shows the stupes of the. tiger, and is as remarkable for ite 
wildness as its congeners, the horse and ass, are for their 
docility and usefulness. To quote again from Mr. Swain- 
son, *< the singular threatening aspect which the cater- 
pillars of the sphinx moth assume on bein^ disturbed, is a 
remarkable modification of the terrific or evil nature which 
is impressed in one form or another, palpable or remote, 
upon all sub- typical groups ; for this division of the 
lepidopterous order is precisely of this denomination. In 
the pre-eminent type of this order of insects, the butter- 
flies, (papilionides,) our associations xittle prepare us for 
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expecting any trace of the eyil principle, but here, toe, 
there is a sub-typical division." These, says our natu- 
ralist, ** are distinguished by their caterpillars being armed 
with formidable spines or prickles, which in general are 
possessed of some highly acrimonious or poisonous quali- 
ity, capable of injuring those who touch them. It is 
only," continues Mr. Swainson, *'when extensive re- 
searches brins to light a uniformify of results, that we caa 
venture to believe they are so universal as to deserve be- 
ing ranked as primary laws. Thus, when a celebrated 
entomologist denounced as impure the black and lurid 
beetles forming the saprophagous petalocera of Mr. Ma 
cleay, a tribe living only upon putrid vegetable matter, 
and hiding themselves in their disgusting food, or in dark 
hollows of the earth, neither of these cclebrateid men sus- 
pected the absolute fact, elicited from our analogies of 
this group, that this very tribe constituded the sub-typi- 
cal group of one of the primary divisions of coleopterous 
insects : nor had they any suspicion that, by the filthy 
habits and repulsive forms of these beetles, nature had 
intended that they should be types or emblems of hun- 
dreds of other groups, distinguished by peculiarities 
equally indicative of evil. On the other hand, the tha- 
lerophagous petalocera, forming the typical group of the 
same division, present us with all the perfections and ha- 
bits belonging to their kind. These families of beetle! 
live only upon fresh vegetables ; the^ are diurnal, and 
sport in the glare of day, pure in their food, elegant in 
tneir shapes, and beautiful in their colors."* 

The third type, (first of the three aberrant,) called by 
Mr. Swainson, the natatorial, or aquatic, are chifly re 
markable for their bulk, the disproportionate size of the 
aead, and the absence, or slight development of the feet 
They partake of the predaceous and destructive character 
of the adjoining sub-typical group, and the means of their 
predacity are generally found in the mouth alone. In tiie 
primary division of the animal kingdom, we find the type 
in the radiata, not one of which lives out of water. In toe 
vertebrata, it is in the fishes. In both of these, feet are 
totally wanting. Descending to the class mammalia, wt 
have this type in the cetacea, which present a compara- 
tively slight development of limbs. In the ayes, as we 
have seen, the type is presented in the natatores, whosi 
* Distribution and Clasflification of Animals, p. 948 
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(crBba, &c.) in the annuloaa; thentrla (which oflen dude 
for Esh} in the mptoreB ; the ichthj'oaaurua, plesioaaunii, 
fcc., among reptilia, will serve to bring tha general char- 
acter, and iiajiervasion ofihe whole animal world, forcibly 
before the mind of the reader. 

The next type ia that of CDeanesl and moat imperfect or- 
ganization, the lower termination of all groups, as the tj' 
pica! is the upper. It ia called b; Mr. Swainaon, thssac- 
torial. from a very generally prevalent peculiarity, that of 
drawing sustenance by auction. The acrita, or polypes, 
among the sub-kingdoms; the intestina, among the annO' 
losa; the tnrtoiaea, among thereptilia; the armatlillo and 
•caly ant-eater, pig, mouse, jerboa, and kangaroo, among 
quadrupeda; the wadeia and teDoiroalrea, among birds ; 
Ihe coleoptera, (bug, louae, flea, &c..) among insects; the 
Kastrobranchua, among fishes; are examples which will 
Lloatnite the apecial character of this type. Theao ST" 
woallnesB, particularly in the head and mouth, feebleness, 
■nd want of offensive protection, defectof organs of masti- 
cation, considerable powers of swift movement, and often 
■ parasitic mode of living; while of negative t)uaiitiefl, 
there are, besides, indisposition to domeatication, and an 
unsuitablencas to serve as human food. 

The raaorial type comprehends most of Ihe animals 
which become domesticated and useful to man, as Grat, the 
fowls which give a name to the type, the ungulata, and 
more particularly [he ruminanlia, among quadrupeds, and 
the dog among the fers. Gentleneaa, ramiliarity with man 
and a peculiar approach tn human intelligence, are the 
leading menial characteristics of animals of this ty^e. 
Amongat external characters, we generally find power of 
limbs and feel for locomotion nn land, <to which (he taso- 
rial type i I con lined,} abundant tail and ornamentsfor the 
bead, whijtheT in the form of tufta. cri.'ats, liorns, or bony 
ezcresce' ces. In the animal kingdom, the molluaca are 
Ihe raaoijil type, which, however, only showa ilaeifthera 
in their soil and sluggish character, and their beins very 
Keneratly edible. In the ptilota, or winged inaecb, the 
hjnwnopteroua are the raaorial type, and it is not there' 
* i««tlJri»ing to find amonijat them tha anta and bee* 
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the most social, intelligent, and in the latter case, the moil 
useful to man, of all the annulose animals/* 

As yet the speculations on representation are imperfect, 
in consequence of the novelty of the doctrine, and the de- 
fective state of our knowledge of animated nature. It has, 
however, been so fully proved in the aves, and traced so 
clearly in other parts of the animal kingdom, and as a ge- 
neral feature of tnat part of nature, that hardly a doubt cai 
exist of its being universally applicable. Even in the 
lowly f >rm3 of the acrita, (polypes,) the suctorial type of 
the animal kingdom, representation has been discerned, 
and with some remarkable results as to the history of our 
world. The acrita were the first forms of animsl life 
upon earth, the starting point of that great branch oi or- 
ganization. Now, this sub-kingdom consists, like the 
rest, of five groups, (classes,) and these are respectively 
representations of the acrita itself, and the other four sob- 
kingdoms, which had not come into existence when the 
acrita were formed. The polypi vaginati, in the crusta^ 
ceous covering of the living mass, and their more or leas 
articulated structure, represent the anntdosa.- In tiie ra- 
diated forms of the rotifera, and the simple structure of 
the polypi, rudes, we are reminded of the radietta. The 
moUusca are typified in the soft, mucous, sluggish intes- 
tina. And, finally, in the fleshy living mass which sur- 
rounds the bony and hollow axis of the polypi natantes, 
we have a sketch of the vertebrata. The acrita thus ap- 
pear as a prophecy of the higher events of animal deve- 
lopment. They show that the nobler oi*ders of being, 
including man himself, were contemplated from the fii^ 
and came into existence by virtue of a law, the opeia^ 
tion, of which had commenced ages before their tormfl 
were realized. 

The system of representation is therefore to be regarded 
as a powerful additional proof of the hypothesU ofargaMU 
progress by virtue of law. It establishes the umty of ani- 
mated nature and the definite character of its entire con- 
stitution. It enables us to see how, under the flowii^ 
robes of nature, where all looks arbitrary and accidentUi 
there is an artificiality of the most rigid kind. The natu- 
ral, we now perceive, sinks into and merges in a Higher 
Artificial. To adopt a comparison more apt than dignified, 
we may be said to be placed here as insects are in a gar- 
den of old style. Our first unassisted view is limited, and 



w« perceive only the irregularities of the minute surface, 
Kod lingle shrnba which appear arbitrarily scattered. Bui 
our view at length QKlendiDgand becoiniaj more compre- 
beoai'e, WH begin to we parterres balancing each other, 

ea, stataes, and arbors placed symmetrically, and that 
.be wliole is an assemblage of parts mutually redective. 
"Icansrarcely be necessary to point to the infeteoee hence 
iTising with regard tu the origination of nature in some 
?oner, of wfaicli mail's mind is a faint and bumble re- 
jresantation. The insects ofthegMden.suppoaing tbem 
o be invested with reasaning power, and aware bow arti- 
ficial are their own works, might of caurae very reasonably 
conclude that, being in ite totality an artificial object, the 
garden was the work of some maker orarliEcer. And so 
mlso must we conclude, when vie attain a knowledge of 
the artiGcialily whichlsat thcbasisof nature, that natura 
ii wholly the production of a Being resembling, but iafi- 
nitely greater than, ourselves. 

Organic beings are, then, bound together in develop- 
ment, and in a system of hath affinities and analogies. 
Now, it will be asked, does thisagreewitb what we know 
of the geographical distribution of oreariic beings and of 
the hislary of o^nic progress as delineated b; geology ' 
Let us liret advert to the geographical question. 

Plants, as is well known, require various kinds of soil, 
forms of geographical surface, climate, and other condi- 
tions, for their existence And it is everywhere found, 
that, however isolated a particular spot may be With regard 
to these conditions — as a mountain top in a torrid coun- 
try, the marsh round a salt spring far inland, or an island 
C' red far apart in the ocean — appropriate plants have 
re taken up their abode. But the torrid zone divides 
the two temperate regions from each other by the apace 
of more than forty-aix degrees, and the torrid and tempe- 
rate zones together form a much broader line of division 
between the two arctic rei;ions. The Atlantic and Pacific 
Oceani, and the Persian Gulf, also divide the various por- 
tions of continent in torcid and temperate zones tromeoch 
nlber. Auslralia is also divided by ■ broad sea from the 
conliaent of Asia. Thus there are various portions ot 
the earth separated from each other in such a way as to 
preclude anj'lhing like a general communication of Ihe 
•eeda of their respective plants towards each other. Hence 
■riles an interesting quetitian — Are the^Utttsot Vi\&iwv- 
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008 isolated regions which enjoy a parity of climate and 
other conditions, identical or the reverse ? The answei 
is — that in such regions the vegetation bears a general 
resemblance, but the species are nearly all different, and 
*^here is even, in a considerable measure, a diversity of &- 
milies. 

The general facts have been thus stated ; in the arctic 
and antarctic regions, and in those parts of lower latitudes, 
which from their elevation, possess the same cold clinate, 
there is always a similar or analogous vegetation, but few 
species are common to the various situations. In like 
manner, the intertropical vegetation of Asia, Africa, and 
America, are speciBcally di&rent, thoup;h generally simi- 
lar. The southern region of America is equally diverse 
from that of Africa, a country similar in clime, but sepa- 
rated by a vast extent of ocean. The vegetation of Aus- 
tralia, another region similarly placed in respect of dime, 
is even more peculiar. These facts are the more remarka- 
ble when we discover that, in most instances, the plants of 
one region have thriven when transplanted to another ol 
parallel clime. This would show that parity of condi- 
tion does not lead to a parity of productions .so exact as to 
include identity of species, or even genera. Besides the 
various isolated regions here enumerated, there are some 
others indicated by naturalists as exhibiting a vegetation 
equally peculiar. Some of these are isolated by moun- 
tains or the interposition of sandy wastes. For example^ 
the temperate region of the elder continent is divided 
about the centre of Asia, and the east of that line is diSb' 
ent from the west. So also is the same region divided in 
North America by the Rocky Mountains. Abyssinia and 
Nubia constitute another distinct botanical reeion. De 
Candolle enumerates in all twenty well-marked portioni 
of the earth's surface, which are peculiar with respect to 
vegetation ; a number which would be greatly increasedt 
if remote islands and isolated mountain ranges were to be 
included. 

When we come to the zoology, we find precisely similar 
results, excepting that man (with, perhaps, some of fbt 
less conspicuous forms of being) is universal, and tha: 
several tribes, as the bear and dog, appear to have passed 
by the land connexion from the arctic regions of the east- 
ern to those of the western hemisphere. " With these ex- 
ceptions," says Dr. Prichard, ** and without ary othen 



fts far &3 zooiegical researches have yet gone, it niij bo 
asserted that no individusd species are common to distant 
T^ons. In parallel climates, analogous species replace 
each Qfther; sometimes, but not frequently, the same 
genus is fonnd in two separate ooq,tinents ; but the spe- 
cies which are natives of one region, are not identical 
with corresponding races indigenous in the opposite he* 
misphere. 

'* A similar result arises when we compare the three 
great intertropicsd re^ons, as well as the extreme spaces 
ef the three great continents, which adf'anceinto thetem- 
{>erate climates of the southern hemisphere. 

'* Thus, the tribes of simiae, f monkeys,) of the dog and 
cat kinds, of pachyderms, including elephants, tapirs, rhi* 
noceroses, ho^, of bats, of saurian and ophidian reptiles, 
m weU as of birds and other terrene animals are all difie- 
tent in the three great continents. In the lower depart* 
meents of the raammiferous family we find that the bruta, 
or edentata (sloths, armadillos, Slc.) of Africa, are difie- 
reofly organized from those of America, and these agaia 
ttom the tribes found in the Maylayan archipelago and 
Terra Austndis."* 

It does not appear that the diversity between the simi- 
lar regions of Africa, Asia, and America, is occasioned 
in ell instances by any disqualification of these countries 
to support precisely the same genera or species. The ox, 
florae, goat, &c., of the elder continent nave driven and 
fstended themselves in the new ; and many of the indi- 
genoiui tribes of America would no doubt flourish in cor- 
refpoading dimates in Europe, Asia, and Africa. It has. 
however, been remarked by naturalists unacquainted 
with the Macleay system, that the larger and more pow* 
orfbl animals of their respective orders belong to the elder 
continent, and that thus the animals of America, unlike 
the features of inanimate nature, appear to be upon s 
■mall scale. The swiftest and most agile animals, and a 
Large pro|>ortion of those most useful to man, are also na- 
tives of tne elder continent. On the other hand, the bulk 
9t the edentata, a ^oup remarkable for defects and mean- 
nees of organization, are American. The zoology of 
America maybe said, upon the whole, to recede from that 
of Asia, " and perhaps m a greater degree," adds Dr. Pri* 
chard, ** from niat of Africa." A much greater recession 
« fUsearchM, 4th edition, i. M. 
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18, horvrever, observed in both the botany and zc dogr etf 
Australia. 

There *< we do not find in the great masses of Tegeta- 
tion, either the majesty of the virgin forests of America, • 
or the variety and elegance of those of Asia, or the deli* 
cacy and freshness of the woods of our temperate coun- 
tries of Europe. The vegetation is generally gloomy and 
sad ; it has the aspect of our evergreens or heaths ; the 
plants are for the most part woody ; the leaves o€ nearly 
all the plants are linear, lanceolated, small, coriaceous, 
and spinescent. The grasses, which elsewhere are gene- 
rally soft and flexible, participate in the stiffness <n the 
other vegetables. The greater part of the plants ol 
New Hoiland belong to new genera; and those inclu- 
ded in the genera already known are of new species. The 
natural families which prevail are those of the h^sths, 
the protae, compositae, leguminosee, and Myrfhoideaft; the 
larger trees all belong to the last family.*** 
^ The prevalent animals of Australia are not lew pecu- 
liar. It is well known that none above the marsupialia, 
or pouched animals, are native to it The mo^ connH- 
cuous are these marsupials, which exist in great variebes 
here, though unknown in the elder continent, and only 
found in a few mean forms in America. Next to them are 
the monotremata, which are entirely peculiar to this por- 
tion of the earth. Now these are animals at the bottom 
of the mammiferous class, adjoining to that of lords, of 
whose character and organization the monotremataluge- 
ly partake, the omithorynchus presenting the bill ud 
feet of a duck, producing its young in ^gs, and having, 
like birds, a clavicle between the two shoaldere. The 
birds of Australia Vary in structure and plumage, but all 
have some singularity about them—the swan, for instance, 
is black. The country abounds in reptiles, and the pre- 
ralent fishes are of the early kinds, having a cartilaginooi 
structure. 

Altogether the plants and animals of this minor cootie 
nent convey the impression of an early system of thhigi, 
such as mi^ht be displayed in other parts of the Mrth 
about the time of the oolite. In connexion with this ci^ 
eumstance, it is a fact of some importance, that the geoff* 
nostic character of Australia, its vast arid plains, itslitot 
diversified surface and consequent paucity of stresBib 

* Priehard. 
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imd the very 8lig;ht development of volcanic rock on ita 
furtace seem to indicate a system of physical conditions, 
such as we may suppose to have existed elsewhere in the 
oolite era ; perhaps we see the chalk formation preparing 
there in the vast coral beds frontiering the coast Aus- 
tralia thus appears as a portion of the earth which has, 
from some unknown causes, been belated in its physical 
and organic development. And certainly the greater part 
of rts surface is not fitted to be an advantageous place of 
residence for beings above the marsupialia, and judging 
from analogy, it may yet be subjected to a series of 
changes in the highest degree Inconvenient to any human 
beings who may nave setUed upon it. 

The general conclusions regarding the geography of 
organic nature, ma^ be thus stated. (1.) There are nu- 
' merous distinct foci of organic production throughout the 
earth. (2.) These have everywhere advanced m accor- 
dance with the local conditions of climate, &c., as far as 
at least the class and order are concerned, a diversity tak- 
ing place in the lower gradations. No physical or geo- 
grapnical reason appearing for this diversity, we are led 
w infer that (3.) it is the result of minute and inappreci- 
able causes giving the law of organic development a par- 
ticular direction in the lower subdivisions of the two 
kingdoms. (4 ) Development has not gone on to equal 
results in the various continents, being most advanced in 
the eastern continent, next in the western, and least in 
Australia, this inequadity being perhaps the result of the 
comparative antiquity of the various regions, geologically 
and geographically. 

It must at the same time be admitted that the line of 
organic development has nowhere required for its advance 
the whole of the families comprehended in the two king- 
doms, seeing that some of these are confined to one con- 
tinent, and some to another, without a conceivable possi- 
bility of one having been connected with the other in the 
wnj of ancestry. The two great families of quadrumana, 
cebidie and simiadae, are a noted instance, the one being 
ezclu^vely American, while the other belongs entirely to 
the old world. There are many other case^ m which the 
fdll circular group can only be completed by taking sub- 
divisions from various continents. This would seem to 
imply that while the entire system is so remarkable for its 
unity, it has neverthelew been produced in lines geogrsr- 
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phically detached, these lines perhaps ccnmsthig of p«« 
ocular typical groups placed in an independent succeanoDy 
or of two or more of these groups. And for this idea there 
is, even in the present imperfect state of our knowledge 
of animated nature, some countenance in ascertained fac^ 
the birds of Australia^ for example, being chiefly of the 
suctorial type, while it may be presumed that the obser- 
yation as to the predominance of the usefi:^ animals in the 
Old World, is not much different from saying that thera- 
serial type is there peculiarly abundant It does not ap- 
pear that the idea of independent Unes, consisting of par- 
ticular types, or sets of types, is necessarily inconsistent 
with the general hypothesis, as nothing yet ascertained of 
the Macleay system forbids their having an independent 
set of affinities. On this subject, however, there is as yet 
much obscurity^ and it must be left to future inquirers to 
clear it up. 

We must now call to mind that the geographical distri- 
bution of plants and animals was very different in the 
geological ages from what it is now. Down to a time not 
long antecedent to man, the same vegetation overspread 
every clime, and a similar uniformity marked the zoolosy. 
This is conceived by M. Brogniart, with great plausibili^ 
to have been the result of a uniformity of climate, pro- 
duced by the as yet unexhausted effect of the internal neat 
of the earth upon its surface ; whereas climate has since 
depended chiefly on external sources of heat, as modified 
by the various meteorological influences. However the 
early uniform climate was produced, certain it is that, from 
about the close of the geological epoch, plants and animals 
have been dispersed over the globe with a regard to their 
particular characters, and specimens of both are found so 
isolated in particular situations, as utterly to exclude the 
idea that they came thither from any common centie. It 
may be asked — Conndering that, in the geological epoch, 
species are not limited to particniar regions, and that since 
tne close of that epoch, they are ver^ peculiarly limited, 
are we to presume the present prganisms of the world to 
have been created ab initio after that time ? To this it 
may be answered — Not necessarily, as it 90 happens that 
animals be^n to be much varied, or to appear in a consi- 
derable variety of species, towards the close of the eeola- 
ffical history. It may have been that the multitudes d 
K)cally peculiar species only came into being aAer tht 
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uniform climate had passed away. It may l^ve only been 
when a varied climate arose, that the ori^nally few spe- 
cies branched off into the present extensive variety. 

A question of a very interesting kind will now proba- 
bly arise in the reader's mind — What place or stattuU 
assigned to man in t?ie new natural sf/stem ? Before going 
into this inquiry, it is necessary to aclvert to several par- 
ticulars of the natural system not yet noticed. 

It is necessary, in particular, to ascertain the grades 
which exist in the classification of animals. In the line 
of the aves, Mr. Swainson finds these to be nine, the spe- 
cies pica, for example, being thus indicated : — 



Kingdom 


• • • 


Animalia. 


Sub-kingdom 


• 


Vertebrata. 


Class 


• • 


Aves. 


Order 




Incessores. 


Tribe 


• • 


Conirostres 


Family . 


• • • 


CorvidBB. 


Sub-family 


• • • 


Corvine. 


Genus 


• • • 


Corvus. 


Sub-genus or 


species 


Pica. 



This brings us down to species, the subdivision where 
intermarriage or breeding is usually considered as natural 
to animals, and where a resemblance of of&pring to pa- 
rents is generally persevered in. The dog, for instance, 
is a species, because all dogs can breed together, and the 
progeny partakes of the appearances of the parents. The 
numan race is held as a species, primarily for the same 
reason. Species, however, is liable to another subdivi- 
sion, which naturalists call variety ; and variety appears 
to be subject to exactly the same system of repretentation 
which has been traced in species and higher denomina- 
tions. In canis, for instance, the bull-dog and mastiff re- 
present the ferocious sub-typical group; the water-dog 
IS natatorial ; we see the speed and length of muzzle of 
the suctorial group in the greyhound ; and the-bushy tail 
and gentle and serviceable character of the rasorial in the 
idieperd*s d(^ and spaniel. Even the striped and spotted 
skin of the tiger and panther is reproduced in the more 
ferocious kind of dogs — an indication of a fundamental 
connexion between physical and mental qaualities whicl! 
we have also seen in the zebra, and which is likewist 
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displayed in the predominance ol a yellow color in tlio 
vultures and owls in common with the lion and his con 
geners. 

It is by no means clearly made out that this system ol 
nine gradations over and above that of variety applies ii 
all departments of nature. On the contrary, even Mr 
Swainson gives series in which several of them are omit- 
ted. It may be that, in some departments of nature, va- 
riation from the class or order has gone down into fewer 
shades than in others ; or it may be, that many of the 
variations have not survived till our era, or have not been 
as yet detected by naturalists ; in either of which cases 
there may be a necessity for shortening the series by the 
omission of one or two grades, as for instance tribe orstii- 
family. This, however is much to be regretted, as it in- 
troduces an irregularity into the natural system, and con- 
sequently throws a difficulty and doubt in the way of our 
investigating it. With these preliminary remarks, I 
shall proceed to inquire what is the natural status of man. 

That man's place is to be looked for in the class mam- 
malia and sub-kingdom vertebrata admits of no doubt, 
from his possessing both the characters on which these 
divisions are founded. When we descend, however, be- 
low the daaSi we find no settled views on the subject 
amongst naturalists. Mr. Swainson who alone has given 
a review of the animal kingdom on the Macleay system 
unfortunately writes on this subject in a manner which 
excites a suspicion as to his judgment His arrangement 
of the first or typical order of the mammalia is therefore 
to be received with great hesitation. It is as follows : — 

Typical . Quadrumana Pre-eininentl}r organized for graiping. 
Sub-typical FerflB . . Claws retractile ; Camivorone. 
Natatorial Cetacea . . Pre-eminently aquatic ; feet retj alioit 
Suctorial. Olires . . Muzzle lengthened and pointed. 
Rasorifli . Ungulata . Crests and other processes on the hsad. 

He then takes the quadrumana, and places it in 0is 
following arrangement : 

Typical . Simiadae . . (Monkeys of Old World ) 

Sub- typical . Cebidae . (Monkeys of New World.) 

Natatoiiaj . Unknown. 

Suctorial Vespertilionidae (Bats.) 

Rasorial Lemurids . (Lemurs.) 
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He considers the simiadae as a complete circle, and ar^ei 
thence that there is no room in the range of the animal 
kingdom for man. Man, he says, is not a constituent part 
of any circle, for, if he were, there oiu^ht to be other ani- 
mals on each hand having affinity to him, whereas there 
are none, the resemblance of the orangs being one of mere 
analog. Mr. Swainson therefore considers our race as 
■tandme apart, and forming a link between the unintelli- 
gent order of beings and the angels ! And this In spite 
of the glaring fact that, in our teeth, hands, and other fea- 
tures grounded on by naturalists as characteristic, we do 
not differ more from the simiadae than the bats do from the 
lemurs^in spite also of that resemblance of analogy to 
the orangs wnich he himself admits, and which, at the 
least, must be held to imply a certain relation. He also 
overlooks that, though there may be no room for man in the 
circle of the simiadae, Tthis, indeed, is quite true,) there 
may be m the order, where he actually leaves a place en- 
tirely blank, or only to be filled up, as he suggests, by 
mermen !* Another argument in his arrangement is, that 
it leaves the grades of classification very much abridg- 
ed, there being at the most seven instead of nine. Bui 
Beiious argument on a theory so preposterous may be con- 
■idered as nearly thrown away. I shall therefore at once 
proceed to suggest a new arrangement of this portion of 
fhe animal kingdom, in which man is allowed the place 
to which he is zoologically entitled. 

I propose that the typical order of the mammalia should 
be designated cheirotheria, from the sole character which 
is universal amongst them, their possessing hands, and 
with a resard to that pre-eminent qualification for grasp- 
ing which has been ascribed to them — an analogy to the 
perching hi^it of the typical order of birds, which is wor- 
thy of particidar notice. The tribes of the cheirotheria I 
arrange as follows : 

Typical Bimana. 

Sub-typical . .... SimiadaB. 

Natatorial Vespertilionidas. 

Suctorial Lemuridas 

Rasorial Ceb\dae. 

* Mr. Swainson's argiimentfl about the entlrenesf oftbe oircl« 
■imiadn are only too rigid, for fossil geology has since added new 

Einera to this group and the cebida, and there may be still ta9t 
er additions. 
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Here man is put into the typical place, as the genuinf 
head, not only of this order, but of the whole animal 
world. The double affinity which is requisite is obtain- 
ed, for here he has the simiadsB on one hand and the ce- 
bidsB on the other. The five tribes of the ofder are com- 
pleted, the vespertilionidae being shifted (provisionally) 
into the natatorial place, for which their appropriateness 
is so far evidenced b^ the aquatic habits of several of the 
tribe, and the lemuridad into the suctorial, to which their 
length of muzzle and remarkable saltatory power are 
highly suitable. At the same time, the simiads are de- 
graded from the typical place, to which they have no sort 
of pretension, and placed where their mean and mischiev- 
ous character seems to require ; the cebidse again being 
assigned that situation which their comparatively inoflfen- 
sive dispositions, their arboreal habits, and their extraor- 
dinary development of the tail (which with them is like 
a fifth hand,) render so proper. 

The zoological status thus assigned to the human race 
is precisely what might be expected. In order to under- 
stand its full value, it is necessary to observe how the 
various type peculiarities operate in fixing the character 
of the animals ranked in them. It is easy to conceive 
that they must be, in some instances, much mixed up with 
each other, and consequently obscured. If an animal, for 
example, is the suctorial member of a circle of species, 
forming the natatorial type of genera, forming a family or 
sub-family which in its him is rasorial, its qualities must 
evidently be greatly mingled and ill to define. But, on 
the other hand, if we take the rapacious or sub-typicad 
group of birds, and look in it for the tribe which is again 
the rapacious or sub-typical group of its order, we may 
expect to find the qualities of that group exalted or inten- 
sified, and accordingly made the more conspicuous. Such 
is really the case with the vultures, in the rapacious birds, 
a family remarkable above all of their order for their car- 
nivorous and foul habits. So, also, if we take the typical 
proup of the birds, the incessores or perchers, and look 
in it for its typical group, the conirostres, and seek there 
again for the typical family of that group, the corvids, we 
may expect to ^nd a very marked superiority in organi- 
zation and character. Such is really the case. •• Tho 
crow," says Mr. Swainson, <* unites in itself a greater 
number of properties than are to be found individiully in 
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may oth«r genus of birds; as if in fact it had taken from 
all the other orders a portion of their peculiar qusdities* 
for the purpose of exhibiting in what manner thej could 
be comoined. From the rapacious birds this * type of 
types,* as the crow has been justly^tlled, takes the powei 
or soaring in the air, and of seizing upon living birds, like 
the hawks, while its habit of devouring putrid substances, 
and picking out the ryes of young animals, is borrowed 
from the vultures. From the scanswial or climbing or- 
der it takes the faculty of picking the ground, and discov- 
ering its food when hidden from the eye, while the par- 
rot family ^ives it the taste for vegetable food, and fur- 
nishes it with great cunning, sagacity, and powers of imi- 
tfttion, even to counterfeitii^ the human voice. Next come 
the order of waders, who impart their quota to the per- 
fection of the crow by giving it great powers of flight, and 
perfect facility in walking, sucn being among the chief 
attributes of the suctorial order. Lastly, the aquatic birds 
contribute their portion, by giving this terrestrial bird the 

Eower of feeding not oiUy on fish, which are their pecu- 
ar food, but actualiy-of occasionadly catching it* In this 
wonderful manner do we find the crow partially invested 
with the united properties of all other birds, while in its 
own order, that of the inoessores or perchers, it stands Uie 
pre-eminent t3rpe. We cannot also fail to regard it as a 
remarkable proof of the superior organization and charac- 
ter of the corvidae, that they are adapted for all climates, 
and accordingly found all over the world." 

Mr. Swainson's description of the zoological status of 
the crow, written without the least design of throwing 
any light upon that of man, evidently does so in a re- 
marks^le degree. It prepares us to expect in the place 
among the mammalia, corresponding to that of the corvi- 
die in the aves, a being or set of beings possessing a re- 
marlrable concentration of qualities from aU the other 
groups of their order, but in general character as far above 
the corvidse as a typical group is above an aberrant one, 
the mammalia above the aves. Can any of the simiads 
pretend to such a place, narrowly and imperfectly endow- 
ed as these creatures are — a mean reflection apparently oi 
something higher ? Assuredly not, and in this considera- 
tion alone, Mr. Swainson's arrangement must fall to the 
ground. To fill worthily so lofty a station m the anima* 

• See Wilson's American Ornithology i artic^ Fiddng Cr§m 
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ted families, man alone is competent. In him enly ii U. 
be found that concentration of qualities from all the othor 
groups of his order which has been described as maiiung 
the corvidae. That grasping power, which has been se- 
lected as the leading^hysical quality of his order, is no- 
where so beautifully or so powerfully developed as in .his 
hand. The intelligence and teachableness of the simiadsB 
rise to a climax in his pre-eminent mental nature. His 
sub-analogy to the ferae is marked by his canine teeth^ and 
the universality of his rapacity, for where is the depaxt- 
ment of animated nature which he does not without scru- 

Ele sacrifice to his convenience ? With sanguinary, he 
as also gentle and domesticable dispositions, uioa reflect* 
ing the characters of the ungulata (the rasorial type of the 
class,^ to which we perhaps see a further analogy in the 
use which he makes of the surface of the earth as a source 
of food. To the aquatic type his love of maritime adven- 
ture very readily assimilates him ; and how far the sucto- 
rial is represented in his nature, it is hardly necessary to 
say. As the corvidae, too, are found in every part of the 
earth — almost the only one of the inferior animals which 
has been acknowledged as universal — so do we find man. 
He thrives in all climates, and with regard to style of liv- 
ing can adapt himself to an infinitely greater diversity of 
circumstances than any other animated creature. 

Man, then, considered zoologically, and without regard 
to the distinct characters assigned to him by theology, 
simply takes his place as the type of all types of the ani- 
mal kindom, the true and unmistakable head of animated 
nature upon this earth. It will readily occur, that some 
more particular investigations into the ranks of types 
might throw additional hght on man's status, and perhaps 
his nature ; and such light we may hope to obtain when 
the philosophy of zoology shall have oeen studied as it 
deserves. Perhaps some such diagram as the one given on 
the next page will be found to be an approxin^on to 
the expression of the merely natural or secular grade ol 
nuui in comparison with other animala. 
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Here the upright lines, 1, 2, 3, 4, 5, may represent the 
comparative height and grade of organization of both the 
five sub-kingdoms, and the five classes of each of these ; 
5 being the vertebrata in the one case, and the mammalia 
m the other. The difference between the height of tiie 
line 1 and the line 5 gives an idea of the difference ol 
being the head type of the aves (corvids,) and the head 
t3rpe of the mammalia (biinana ;) a, 6, c, d, 5, again, re- 
present the five groups of the first order of the mammalia ; 
a, being the organic structure of the highest simia, and 5, 
that of man. A set of tangent lines of this kind may yet 
prove one of the most satisfactory means of asoertaining 
the height and breadth of the psychology of our species. 

It may be asked — Is the existing human race the only 
species designed to occupy the grade to which it is here re- 
ferred ? Such a question evidently ought not to be an^ 
swered rashly ; and I shall therefore confine myself to the 
admission tha^ judging by analogy, we might expect to 
see several varieties of the being, homo. There is no 
other family approaching to this in importance, which 
presents but one species. The corvidffi, our parallel in 
aves, consist of several distinct genera and sub-genera. It 
is startling to find such an appearance of imperfection in 
the circle to which man belongs, and the ideas which rise 
in consequence are not less startling. Is our race but the 
initisd of the ^and crowning type ? Are there yet to be 
species superior to us in organization, purer in feelinf^ 
more powerful in device and act, and who shall take a rule 
over us ? There is in this nothing improbable on other 
pounds. The present race, rude and impulsive as it is^ 
IS perhaps the best adapted to the present state of things 
in the world ; but the external world ^oes through slow 
and gradual changes, which may leave it in time a much 
serener field of existence. There may then be occasion 
for a nobler type of humanity, which shall complete the 
eeolQgical circle on this planet, and realize some of the 
dreams of the purest spirits of the present race. 

EARLY HISTORY OF MANKIND. 

The human race is known to consist of different nations 
diq>laying considerable differences of external form and 
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coIot, and speaking in general different languages. Thii 
has been the case since the commencement of written rec- 
ord. It is also ascertained that the external peculiari- 
^es- of particular nations do not rapidly chanee. There is 
rather a tendency to a persistency of type in all lines of de- 
scent, insomuch that a subordinate admixture of Tarious 
type is usually obliterated in a few generations. Numer- 
ous as the varieties are, they have all been foimd classifi- 
able under five leading ones : — 1. The Caucasian, or In- 
do-European, which extends from India into Europe and 
Northern Africa; 2. The Mongolian, which occupies 
Northern and Eastern Asia; 3. The Malayan, which 
extends from the Ultra- Gangetic Peninsula into the nume- 
rous islands of the South Sea and Pacific ; 4. The Negro, 
chiefly confined to Africa ; 5. The aboriginal American. 
Each of these is distinguished by certain general features 
of so marked a kind as to give rise to a supposition that 
they have had distinct or independent origins. Of these 
pNSCuliarities, color is the most conspicuous : the Cauca- 
gians are genei*ally white, the Mongolians yellow, the Ne- 
groes black, and the Americans red. The opposition of 
two of these in particular, white and black, is so striking, 
that of them, at least, it seems almost necessary to sup- 
pose separate origins. Of late years, however, the whole 
c^ this question has been subjected to a rigorous investiga- 
tion, and it has been successfully shown that the human 
r ace might have had one origin, for anything that can be 
inferred from external peculiarities. 

It appears from this inquiry,* that color and other phys- 
iological characters are of a more superficial and acciden- 
tal nature than was at one time supposed. One fact is at 
the very first extremely startling, that there are nations, 
•uch as the inhabitants of Hindostan, known to be one in 
descent, which nevertheless contain groups of people of 
almost all shades and color, and likewise discrepant in 
other of those important features on which much stress 
has been laid. Some other facts, which I may state in favief 
terms, are scarcely less remarkable. In Africa, there 
are Negro nations — that is, nations of intensely black 
complexion, as the Jolofs, Mandingoes, and Kafirs, whose 
features and limbs are as elegant as those of the best Eu- 
ropean nations. While we have no proof of Negro races 
t>ecoming white in the course of generations, the converse 

* Set Xhr . Frichard's Reiearchea into the Fhytical History of Man 
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may be he 14 as established, for there are Arab and Jewitll 
families of ancient settlement in i^^orthern Africa who 
have become as black as the other inhabitants. There 
are also facts which seem to show the possibility of a nat- 
ural transition by generation from the olack to the white 
complexion, and from the white to the black. Trae whites 
(apart from Albiuoes) are not unfrequently bom among 
the Negroes, and the tendency to this singmarity is trans- 
mitted m families. There is at least one authentic in- 
stance of a set of perfectly black children being bom to 
an Arab couple in whose ancestry no such blood had in- 
termingled. This occurred in the valley of the Jordan, 
where it is remarkable that the Arab population in gene- 
ral have flatter features, darker skins, and coarser hair 
than any other tribes of the same nation.* 

The style of living is ascertained to have a powerful 
effect in modifying the human figure in the course of gen- 
erations, and this even in its osseous structure. About 
two hundred years ago, a number of people were driven 
by a barbarous policy from the counties of Antrim ani 
Down, in Ireland, towards the sea-coast, where they hav 
ever since been settled, but in unusually miserable cir 
cumstances, even for Ireland ; and the consequence, is, tiis 
they exhibit peculiar features of the most repulsive kind, 
projecting jaws with large open mouths, depremed nosei^ 
nigh cheek bones, and bow legs, together with an ex- 
tremely diminutive stature. These, with an abnormal 
slendemess of the limbs, are the outward marks of a low 
and barbarous condition all over the world ; it is particu- 
larly seen in the Australian aborigines. On the other 
hand, the beauty of the higher ranks in England is vert 
remarkable, being, in the main, as clearly a result of good 
external conditions. <* Coarse, unwholesome» and ill- 
prepared food,*' says Buffon, " makes the human nee da 
generate. All those people who live miserably are ug^j 
and ill-made. Even in France, the country people an 
not 8o beautiful as those who live in towns; and I havt 
often remarked that in those villages where thepeoilc 
are richer and better fed than in others, the men are like' 
wise more handsome, and have better countenances.** He 
might have added, that elegant and commodiovui dwell- 

« Bnckinghtin't Trayek among the Arabt. TUa laet la «hl 
more Taluable to the argament, aa haring bem Mt dowm witk M 
mgard to any kind of hypotheaia. 
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lags, cleanly habits, comfortable clothinc', and being ez 
posed to the open air only as much as health requires, 
co-operate with food in increasing the elegance of a race 
of human beings. 

Subject only to these modifying agencies, there is, as 
has been said, a remarkable persistency in national fea- 
tures and forms, insomuch that a single individual thrown 
into a family different from himself is absorbed in it, and 
til trace of him lost after a few generations But while 
^here is such a persistency to ordinary observation, it 
ivould also appear that nature has a power ot producing 
aew varieties, though this is only done rarely. Such nov- 
ilties of type abound in the vegetable world, are seen 
•nore rarely in the animal circle, and perhaps are least 
frequent of occurrence in our own race. There is a noted 
instance in the production, on a New England farm, of a 
variety oi sheep with unusually short legs, which was 
kept up by breeding, on account of the convenience in 
that country of having sheep which are unable to jump 
over low fences. The starting and maintaining a breed of 
cattle, that is, a variety marked by some desirable peculi- 
arity, are familiar to a large class of persons. It appears 
only necessary, when a variety has been thus produced, 
that a union should take place between individuals simi- 
larly characterized in order to establish it. Early in the 
last centurv, a man named Lambert was born in Suffolk, 
with semi- homey excrescences of about half an inch long, 
thickly growing all over his body. The peculiarity was 
transmitted to his children, and was last heard of in a 
third generation. The peculiarity of six fingers on the 
hand and six toes on the feet, appears in like manner in 
families which have no record or tradition of such a pecu* 
liarity having affected them at any former period, and it ia 
then sonietimes seen to descend through several genera- 
tions. It was Mr. Lawrence's opinion that a pair in 
which both parties were so distinguished might be the 
progenitors oi a new variety of the race who would be 
uius mariced in all future time. It is not easy to surmise 
the causes which operate in producing such varieties. 
Perhaps they are simply types in nature, possible to bt 
realized under certain appropriate conditions, but which 
conditions are such as altogether to elude notice. I mi^ht 
cite as examples of such possible types, the rise of whites 
amongst the Negroes, the occntrence of the faxi^ ni 

12 
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black children in the valley ol the Jordan, and toe con 
paratively frequent birth of red-haired children amongst 
hot only Mongolian and Malayan families, but amongst 
the Negroes. We are ignorant of the laws of variety-pro- 
duction ; but we see it going on as a principle in nature, 
and it is obviously favorable to the supposition that all the 
great families of men are of one stock. 

The tendency of the modern study of the languages of 
nations is to the same point. The last fifty years have 
seen this study elevated to the character of a science^ and 
the light which it throws upon the history of mankind is 
of a most remarkable nature. 

Following a natural analogy, philologists have thrown 
the earth*s languages into a kind of classification : a num- 
ber bearing a considerable resemblance to each other, and 
in general geographically near, are styled ag-rot<jy, or fti^ 
family ; several groups, again, arc associated as z/amilfff 
with regard to more general features of resembluice; 
Six families are spoken of. 

The Indo-European family nearly coincides in geo- 
graphical limits with those which have been assigned to 
that variety of mankind which generally shows a fair com- 
plexion, called the Caucasian variety. It may be said to 
commence in India, and thence to sbretch through Persit 
into Europe, the whole of which it occupies, excepting 
Hungary, the Basque provinces of Spain, and Finland. 
Its sub-families are the Sanscrit, or ancient language of 
India, the Persian, the Slavonic, Celtic, Grothic, and 
Pelasgian. The Slavonic includes the modem langiiages 
of Russia and Poland. Under the Gothic, are (1) ue 
Scandinavian tongues, the Norske, Swedish, and Danish; 
and (2) the Teutonic, to which belong the Modem Ger- 
man, the Dutch, and our own Anglo-Saxon. I give tiie 
name of Pelasgian to the group scattered alon^ the noiA 
shores of the Mediterranean, the Greek and Latin, incln^ 
ing the modifications of the latter under the name»<tf Italiaik 
Spanish, &c. The Celtic was, from two to three thousand 
years ago, the speech of a considerable tribe dwelling ii 
Western Europe ; but these have since been drirenbrn* 
superior nations into a few corners, and are now only to 
be found in the highlands of Scotland, Ireland, Walci^ 
Cornwall, and certain parts of France. The Gadicot 
Scotland, Erse of Iieland, and the Welsh, are the only 
IrriQg branches of this sub-fairAly of languages. 
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The resemblances among languages are of two kinds-^ 
identity of words, and identity of grammatical forms ; the 
latter oeing now generally considered as the most impor- 
tant towards the argument. When we inquire into the 
first kind of affinity among the languages of the Indo- 
European family, we are surprised at the great number 
of common terms which exist among them, and these re- 
ferring to such primary ideas as to leave no doubt of 
their having all been derived from a common source. 
Colonel Vans Kennedy presents nine hundred words 
common to the Sanscrit and other languages of the same 
familv. In the Sanscrit and Persian, we find several 
^hich require no sort of translation to an English reader; 
tBfpader, mcuUr, stmu, dokhter, trader, mand, vidhava ; 
likewise asMt, a bone, (Greek, ostoun ;) denta, a tooth, 
(Latin, dens, dentU ;) tyeumen, the eye ; broitwa, the 
eye-brow, (German, braue ;) ncua, the nose ; karu, the 
hand, (Gr. cheir ;) genu, the knee, (Lat. ^enu j) ped, the 
foot, (Lat. pea, pedis ;) hrtt, the heart, jecwr, the liver, 
(XAt.jecwr i) star a, a star; gela, cold, (Lat. zdu, ice;) 
aghni, fiire, (Lat. ignis ;) dhara, the earth, (Lat. terra, 
(&lic, tir ;) arrivi, a river ; nau, a ship, (Gr. naw, 
Lat navis ;) ghau, a cow ; sarpcfm, a serpent. 

The inferences from these verbal coincidences were 
confirmed in a striking manner, when Bopp and others 
investigated the grammatical sbructure of this family of 
languages. Dr. Wiseman pronounces that the great phi- 
lologist just named, " by a minute and sagacious ana^sis 
of the Sanscrit verb, compared with the conjugational 
system of the other members of this family, left no doubt 
of their intimate and positive affinity." It was now dis- 
covert that the peculiar terminations or inflections by 
which persons are expressed throughout the verbs of 
nearly toe whole of these languages, have their founda- 
tion in pronouns ; the pronoun was simply placed at 
the end, and thus became an inflection ** By an analysis 
of the Sanscrit pronouns, the elements of those existing 
in all the other languages were cleared of their anoma 
lies; the verb subs&ntive, which in Latin is composed 
of fragments, referable to two distinct roots, here found 
both existing in regular form; the Greek conjugations, 
with all their complicated machinery of middle voice, 
angmentB* and reduplications were here found anc illus- 
tnted in a variety of ways, which a few years ago would 
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have appeared chimerical. Even our own language may 
sometimes receive light from the study of distant mem* 
bers of our family. Where, for instance, are we to seek 
for the root of our comparative better ? Certainly not Id 
its positive, good, nor m the Teutonic dialects in which 
the same anomaly exists. But in the Persian we have 
precisely the same comparative, behter, with exactly the 
same signification, regularly from its positive^Aygood."* 

The second CTeat family is the Syro-PhtenidaTit com^ 
prising the Hebrew, Syro-Chaldaic, Arabic, and Gheez 
or Abyssinian, being localized principally in the coun- 
tries to the west and south of the Mediterranean. Be- 
yond them, again, is the African family, which, as far as 
research has gone, seems to be in like manner marked by 
common features, both verbal and grammaticd. The 
fourth is the Polynesian family, extending from Mada« 
gascar on the west through all the Indian Archipelago^ 
besides taking in the Malayan dialect from the continent 
of India, and comprehending Australia and the islands of 
the western portion of the Pacific. This family, how- 
ever, bears such an affinity to that next to be described, 
that Dr. Leyden and some others do not give it a distinct 
place as a family of languages. 

The fifth family is the Chinese, embracing a large part 
of China, and most of the regions of Central and Nortb- 

* Wiseman's Lectures on the Connexion between Scieiiee and 
Revealed Religion, i.» 44. The Celtic has been established -at a 
member or group of the Indo-European family, by the work of Dr. 
Frichard, on the Eastern Origin of tht Celtic IfaiionM. ** Fhst," 
says Dr. Wisemeii, "he has examined the lexical resemblaneeii 
and shown that the primary ap'l most simple words are tiie same in 
both, as well as the numerals and elementary yerbal roots. Thn 
follows a minute analysis of the verb, directed to show its analO' 
gies with other languages, and they are such as manifest no oasval 
coincidence, but an internal structure radically the same. Ths 
verb substantive, which is minutely analyzed, presents moiestiik* 
ing analogies to the Persian verb than perhaps any other lua^^oaft 
of the family. But Celtic is not thus become a mere member of 
this confederacy, but has brought to it most important aid ; ftr 
from it alone can be satisfactorfly explained some of the oeejegi^ 
tional endings in the other languages. For instance, the third pe^ 
son plural of the Latin, Persian, Greek, and Sanscrit ends innt,Bdi 
VTi, vTo, nti, or nt. Now, supposing, with most grammaritBii 
tiiat the inflections arose from the pronouns of the respective per* 
sons, it is onlj in Celtic that we find a pronoun that can expitio 
this termination ; for there, too, the same person ends in nt, iBi 
thus corresponds exactly, at do the others, with its -ironoaa 
Amyntt or yi^,** 
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trn Asia. The leading features of the Chinese are, iti 
consisting altogether of monosyllables, and being desti- 
tute of all grammatical forms, except certain arrange- 
ments and accentuations, which vary the sense of partic- 
ular words. It is also deficient in some of the consonants 
most conspicuous in other languages, b, d, r, v, and z ; 
so that this people can scarcely pronounce our speech in 
such a way as to be intelligible : for example, the word 
Christus they call KtUiaa-tU-oo-suh. The Chinese, strange 
to say, though they early attained to a remarkable degree 
of civilization, and have preceded the Europeans in many 
of the most important inventions, have a language which 
resembles that of children, or deaf and dumb people. 
The sentence of short, simple, unconnected words, in 
which an infant amongst us attempts to express some of 
iti wants and its ideas — the equally broken and difficult 
terms which the deaf and dumb express by signs, as the 
following passage in flie Lord's Prayer: " Our Father, 
heaven m, wish your name respect, wish your soul's 
kingdom providence arrive, wish your will do heaven 
earth equadity," &c. — these are like the discourse of the 
refined people of the so-called Celestial Empire. An 
attempt was made by the Abb^ Sicard to teach the deaf 
and dumb grammatical signs; but they persisted in re- 
stricting themselves to the simple signs of ideas, leaving 
the structure undetermined by any but the natursd order 
of connexion. Such is exacUy the condition of the Chi 
Deae language. 

Crossing the Pacific, we come to the last great family 
in the languages of the aboriginal Americans, which 
have all of them features in conmion, proving them to 
constitute a group by themselves, without any regard to 
the very different degrees of civilization which these na- 
tions had attained at the time of the discovery. The 
common resemblance is in the grammatical structure as 
well as in words, and the grammatical structure of this 
fimiily is of a very peculiar and complicated kind. The 
eeoeral character in this respect has caused the term Po- 
jysynthetic to be applied to the American languages. A 
long many-syllabled word is used by the rude Algon- 
quins and Delawares to express a whole sentence : for 
example, a woman of the latter nation, playing with a 
little dog or cat, would perhaps be heard saying, " kuli- 
fotfcAit/* meaning, **give me ycur pretty lituepaw;" 
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the word, on examination, is found to be made up in this 
manner : k, the second personal pronoun ; u/i, part of the 
word wulet, pretty; gat, part oi the word wichgat, ai^ 
nifying a leg or paw ; schh, conyeying the idea of little- 
ness. In the same tongue, a youth is called pil;iq>e, a 
word compounded from the first part of pilsit, innocent, 
and the latter part of lenape, a man. Thus, it will be 
observed, a number of parts of words are taken and 
thrown together, by a process which has been happily 
termed agglutination, so as to form one word, conveyinff 
a complicated idea. There is also an elaborate system (a 
inflection : in nouns, for instance, there is one kind of 
inflection to express the presence or absence of yitality, 
and another to express numbers. The genius of the lan- 
guage has been described as accumulative: it *< tends 
rather to add syllables or letters, making further distinc- 
tions in objects already before the mind, than to introduce 
new words. "• Yet it has also been shown very distinctly 
that these languages are based in words of oi^e syllable, 
like those of the Chinese and Polynesian families ; all the 
primary ideas are thus expressed : the elaborate system 
of inflection and agglutination is shown to be simply a 
further development of the language-forming principle, 
as it may be called — or the Chinese system may be de- 
scribed as an arrestment of this principle at a particular 
early point. It has been fully shown that between the 
structure of the American and other families sufficient 
affinities exist to make a common origin or early connex- 
ion extremely likely. The verbal affinities are also very 
considerable. Humboldt says, ** In eighty-three Ameri- 
can languages examined by Messrs. Barton and Vater, 
one hundred and seventy words have been found, the 
roots of which appear to be the same ; and it is ea^ to 
perceive that this analogy is not accidental, since it doef 
not rest merely upon imitative harmony, or on that con- 
formity of organs which produces almost a perfect iden* 
tity in the first sounds arnculated by children. Of theM 
one hundred and seventy words which have this con- 
nexion, three-fifths resemble the Manchou, the Tongouie^ 
the Mongal, and the Samoyed; and two-fifths, the Celtic 
and Tchoud, the Biscayan, the Coptic and Congo lan- 
guages These words have been found by comparing 

*8ohook}raft. 
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Hie whole of the American languages with the whole of 
those of the Old World ; for hitherto we are acquainted 
with no American idirm which seems to have an exclu- 
sive correspondence with any of the Asiatic, African, or 
European tongues.*'* Humboldt and others considered 
these words as brought into America by recent immi- 
grants ; an idea resting on no proof, and which seems at 
once refuted by the common words being chiefly thoae 
which represent primary ideas; besides, we now laiow, 
what was not formerly perceived or admitted, that there 
are great affinities of structure also. I may here refer to 
a curious mathematical calculation by Dr. Thomas Young, 
to the effect, that if three words coincide in two different 
languages, it is ten to one they must be derived in both cases 
from some parent language, or introduced in some other 
manner. ** Six words would give more," he says, ** than 
Aeventeen hundred to one, and eight near 100,000, so that 
«n these cases the evidence would be little short of abso- 
lute certainty." He instances the following words to 
show a connexion between the ancient Egyptian and the 
Biscayan: 



New . . 

A dog . . . 

Little . . . 

Sread 

A wolf . . . 

Seven • • • 

jCow, as there are, according to Humboldt, one hundred 
^md seventy words in common between the languages of 
Ihe new and old continents, and many of these are ex- 
mressive of the most primitive ideas, there is, b^ Dr. 
Young's calculation, overpowering proof of the original 
connexion of the American and other human families. 

This completes the slight outline which I have been 
able to give of the evidence for the various races of men 
oeing descended from one stock. It cannot be considered 
as conclusive, and there are many eminent persons who 
deem the opposite idea the more probable ; but I must say 
tba^ without the least regard to any other kind of evi- 

* Yiewf of the Cordilleras 



BiSCATAir. 


Egyptiaw 


Beria . . 


. . . Beri. 


Ora . . 


. . . Whor. 


Gutchi . . 


. . KudchL 


Ognia . , 


. . Oik. 


Otgsa . 


. Ounsh. 


Shashpi 


Shashf. 
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deuce, that which physiology and philology present seexoi 
to me decidedly favorable to the idea of a single origin. 

Assuming that the human race is (me, we are nexl 
called upon to inquire in what part of the earth it may 
most probably be supposed to have originated. One ob- 
vious mode of approximating to a solution of this ques* 
tion is to trace backward the lines in which the principal 
tribes appear to have migrated, and to see if these con- 
verge nearly to a point. It is very remarkable that the 
lines do converge, and are concentrated about the region 
of Hindostan. The language, religion, modes of reckon- 
ing time, and some other peculiar ideas of the Americans, 
are now believed to refer their origin to North-E^astem 
Asia. Trace them further back in the same direction, 
and we come to the north of India. The history of the 
Celts and Teutones represents them as coming from the 
east, the one after the other, successive waves of a tide of 
population flowing towards the north-west of Europe ; this 
line being also traced back, rests finally at the same place 
So does the line of Iranian population, which has peopled 
the east and south shores of the Mediterranean, Syria, 
Arabia, and Egypt. The Malay variety, again, rests its 
limit in one direction on the borders of India. Standing 
on that point, it is easy to see how the human family, 
originating there, might spread out in different directions, 
passing into varieties of aspect and of language as they 
spread, the Malay variety proceeding towar<& the Oceanic 
region, the Mongolians to the east and north, and sending 
on the red men as a sub- variety, the European population 
going off to the north-westward, and the Syrian, Arabian, 
and Egyptian towards the countries which they are known 
to have so long occupied. The Negro alone is here unac- 
counted for ; and of tnat race it may fairly be said, that it 
is the one most likely to have had an independent origio, 
seeing that it is a type so peculiar in an inveterate black 
color, and so mean in development But it is not neces- 
sary to presume such an origin for it, as much good ai^^- 
ment might be employed to show that it^is only a deteno- 
rated ofi^hoot of the general stock. Our view of the 
probable original seat of man agrees with the ancient 
traditions of the race. There is one amon^ the Hindoos 
which places the cradle of the human family in Thibet, 
another makes Ceylon the residence of the first man 
Our view is also in harmony with the hypothesis detailed 
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m the chapter before the last AccoMlng to that theonr, 
we should expect man to hare originated where the hign- 
est species of the quadrumana are to be found. ^ Now these 
are unquestionably found in the Indian Archipelago. 

After all, it may be regarded as still an opeii question, 
whether mankind is of one or many origins. The first 
human generation may have consisted of many pairs, 
though situated at one place, and these may have been 
considerably different from each other in external charac- 
ters. And we are equally bound to admit, though this 
does not as yet seem to have occurred to any other specu- 
lator, that there may have been different lines and 
sources of origination, geographicalljT apart, but which 
all resulted uniformly in the production of a being one 
in species, although variously marked. 

It has of late years been a favorite notion with many, 
that the human race was at first in a highly civilized 
state, and that barbarism was a second condition. This 
idea probably took its origin in a wish to support certain 
interpretations of the Mosaic record, and it has never yet 
been propounded by any writer who seemed to have a 
due sense of the vsdue of science in this class of inves- 
tigations. The principal argument for it is, that we see 
many examples of nations falling away from civilization 
into barbarism, while in some regions of the earth, the 
history of which we do not clearly know, there are re- 
mains of works of art far superior to any which the pres- 
ent unenlightened inhabitants could have produced. 
It is to be readily admitted that such decadences are 
common; but do they necessarily prove that there ha^ 
been anything like a regular and constant decline into the 
present state, from a state more generally refined ? May 
not these be only instances of local failures and suppres- 
sions o€ the principle of civilization, where it had oegun 
to take root amongst a people generally barbarous ? It is, 
at least, as legitimate to draw this inference from the 
facts which are known. But it is also alleged that we 
know of no such thing as civilization being ever self- 
originated. It is always seen to be imparted from one 
people to another. Hence, of course, we must infer that 
civilization at the first could only have been of super- 
natural orij^n. This argument appears to be founded on 
false prenuses, for civilizatioi. does sometimes rise in a 
Banner clearly independent zmongst a horde of people 
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generally barbarous A striking instance is described ni 
the laborious work of Mr. Catlin on the North- American 
tribes. Far placed among those which inhabit the vast 
*egion of the north-west, and quite beyond the reach of 
any influence from the whites, he found a small tribe 
living in a fortified village, where they cultivated the arts 
of manufacture, realized comforts and luxuries, and had 
attained to a remarkable refinement of manners, insomuch 
as to be generally called the polite and friendly Mandans. 
They were also more than usually elegant in their per- 
sons, and of every variety of complexion between that d 
their compatriots and a pure white. Up to the time oi 
Mr. Catlin's visit, these people had been able to defend 
themselves and their possessions against the roving bands 
which surrounded them on all sides; but, soon after, 
they were attacked by small-pox, which cut them all off 
except a small party, whom their enemies rushed in upm 
and destroyed to a man. What is this but a repetiiion 
on a small scale of phenomena with which ancient his- 
tory familiarizes us — a nation rising in arts and elegances 
amidst barbarous neighbors, but at length overpowered 
by the rude majority, leaving only a Tadmor or a Luxor 
as a monument of itself to beautify the waste ? What 
can we suppose the nation which built Palenque and 
Copan to have been, but only a Mandan tribe, which 
chanced to have made its way further alon§ the path of 
civilization and the arts, before the barbarians broke in 
upon it ? The flame essayed to rise in many parts of the 
earth; but there were always considerable chances 
against it, and down it accordingly went, times without 
number ; but there was always a vitality in it, neverthe- 
less, and a tendency to progress, and at length it seems 
to have attained a strength against which the powers of 
barbarism can never more prevail. The state of oar 
knowledge of uncivilized nations is very apt to make us 
fall into error on this subject. They are generally sup- 
posed to be all at one point in barbarism, which is fax 
from being the case, for in the midst of every great re- 
gion of uncivilized men, such as North America, there 
are nations partially refined. The Jolofs, Mandingoes, 
and Kafirs are African examples, where a natural and 
independent origin for tne improvement which exists is ai 
unavoidably to be presumed as in the case of the Mandans 
The most conlusive argument against the original cvri- 
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lization of mankind is to be founc in the fact that we do 
not now see civilization existing anywhere except in cer- 
tain conditions altogether different from any we can sup- 
pose to have existed at the commencement of our race. 
To have civilization it is necessary that a people should be 
numerous and closely placed ; that they should be fixed 
m their habitations, and safe from violent external and 
internal disturbance ; that a considerable number of them 
should be exempt from the necessity of drudging for im- 
mediate subsistence. Feeling themselves at ease about 
the first necessities of their nature, including self-preser- 
vation, and daily subjected to that intellectual excitement 
which society produces, men begin to manifest what is 
called civilization ; but never in rude and shelterless cir- 
cumstances, or when widely scattered. Even men who 
have been civilized, when transferred to a wide wilder- 
ness, where each has to work hard and isolatedly for the 
first requisites of life, soon show a retrogression to barba- 
rism ; witness the plains of Australia, as well as the back- 
woods of Canada and the prairies of Texas. Fixity of res- 
idence and thickening of population are perhaps the prime 
requisites for civilization, and hence it will be found that 
all civilizations as yet known have taken place in regions 
physically limited. That of Egypt arose in a narrow 
valley hemmed in by deserts on both sides. That ot 
Greece took its rise in a small peninsula bounded on the 
only land side by mountains. Etruria and Rome were 
naturally limited regions. Civilizations have taken place 
on both the eastern and western extremities of the elder 
continent — China and Japan, on the one hand ; Germany, 
Holland, Britain, and France on the other — while the great 
unmarked tract between contains nations decidedly less 
advanced. Why is this but because the sea, in both 
cases, has imposed limits to further migration, ^nd caused 
the population to settle and condense — the conditions 
most necessary for social improvement.* Even the sim- 
ple case of the Mandans affords an illustration of this 
principle, for Mr. Catlin expressly, though without the 
least regard to theory, attributes their improvement to 

*The problem of Chinese ciyilization, such as it is— so puzzling 
when we consider that they are only, as will he presently seen, 
file child race of mankind— is solved when we look to geogiaphi- 
eal position pxoducing fixity of residence and density of popnlauoa 



IM BAmLT HISTORT OF MAlTKUrK. 

the fact of their being a smkil ti ibe, obliged, by fear of 
their more numerous enemies, to settle in a permanent 
village^ so fortified as to ensure their preservation. ** By 
this means," says he, « they have advanced further in the 
arts of manufacture, and have supplied their lodges more 
abundantly with the comforts, and even luxuries, of life 
than any Indian nation I know of. The consequence of 
this," he adds, *< is that the tribe have taken many steps 
ahead of other tribes in manners and refinements." These 
conditions can only be regarded as natural laws affecting 
civilization, and it might not be difficult, taking them 
into account, to predict of any newly settled country its 
social destiny. An island like Van Dieman's land might 
fairly be expected to go on more rapidly to ^ood manners 
and sound institutions than a wide region like Australia. 
The United States might be expect^ to make no great 
way in civilization till they be fully peopled to the Pa- 
cific ; and it might not be unreasonable to expect that, 
when that even has occurred, the greatest civilizations of 
that vast territory will be found in the peninsula of Cali- 
fornia and the narrow stripe of country oeyond the Rocky 
Mountains. This, however, is a digression. To return . 
it is also necessary for a civilization that at least a portion 
of the community should be placed above mean and en- 

grossing toils. Man's mind becomes subdued, like the 
yer's hand, to that it works in. In rude and difficult 
circumstances we unavoidably become rude, because then 
only the inferior and harsher faculties of our nature are 
called into existence. When, on the contrary, there is 
leisure and abundance, the self-seeking and self-preserv- 
ing instincts are allowed to rest, the gentler and more 
generous sentiments are evoked, and man becomes that 
courteous and chivalric being which he is found to be 
among the upper classes of almost all civilized countries. 
These, then, may be said to be the chief natural laws 
concerned in the moral phenomenon of civilization. If 
I am right in so considering them, it will of course b« 
readily admitted that the earliest families of the humab 
race, although they might be simple and innocent, could 
not have been in anything like a civilized state, seeing 
that the conditions necessary for that state could not have 
then existed. Let us only for a moment consider some 
of the things requisite for their being civilized, namely, • 
fet of elegant homes roady furnished for their reception, 
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fields ready cultivated to yie.d them food without labor, 
stores of luxurious appliances of all kinds, a complete 
social enginery for the securing of life and property, — and 
we shall turn from the whole conceit as one worthy only 
of the philosophers of Utopia. 

Yet, as has been remarked, the earliest families might 
be simple and innocent, while at the same time unskilled 
and ignorant, and obliged to live merely upon such sub' 
stances as they could readily procure. The traditions of 
all nations refer to such a state as that in which mankind 
were at first : perhaps it is not so much a tradition as an 
idea which the human mind naturally inclines to form 
respecting the fathers of the race ; but nothing that we 
see of mankind absolutely forbids our entertaining this 
idea, whil^ there are some considerations rather favorable 
to it. A few families, in a state of nature, living near each 
other, in a country supplying the means of livelihood 
abundantly, are generally simple and innocent ; their in- 
stinctive and perceptive faculties are also apt to be very 
active, although the higher intellect may be aormant. If 
we, therefore, presume India to have been the cradle of 
our race, they might at first exemplify a sort of golden 
age ; but it could not be of long continuance. The very 
&r8t movements from the primal seat would be attended 
with degradation, nor could there be any tendency to 
true civilization till ^oups had settled and thickened in 
particular seats physically limited. 

The probability may now be assumed that the human 
race sprung from one stock, which was at first in a state 
of simplicity, if not barbarism. As yet we have not seen 
very distinctly how the various branches of the family, as 
they parted off, and took up separate ground, became 
marked by external features so peculiar. Why are the 
Africans black, and generally marked by coarse features 
and ungainly forms ? Why are the Mongolians generally 
yellow, the Americans red, the Caucasians white ? Why 
the flat features of the Chinese, the small stature of the 
Laps, the soft round forms of the English, the lank fea- 
tures of their descendants, the Americans ? All of these 
phenomena appear, in a word, to be explicable on the 
eround of development. We have already seen that various 
leading animal forms represent stages in the embryotic 
progress of tSe highes(>--the human being. Our brain 
goes through the various stages of a fish's, a reptile's, and 
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a mammifer's brain, and finally becomes human. Then 
is more than this, for, after completing the animal trans- 
formations, it passes through the characters in which it 
appears in the Negro, Malay, American, and Mongolian 
nations, and finally is Caucasian. The face partakes of 
these alterations. ** One of the earliest points in which 
ossification commences is the lower jaw. This bone is 
consequently sooner completed than the other bones ot 
the head, and acquires a predominance, whic^, as is well 
known, it never loses in the Negro. During the soft, 
pliant state of the bones of the skull, the oblone form 
which they naturally assume approaches nearly the per« 
manent shape of the Americans. At birth, the flattened 
face, and broad smooth forehead of the infant, the position 
of the eyes rather towards the side of the head, and the 
widened space between, represents the Mongolian form ; 
while it is only as the child advances to maturity that 
the oval face, the arched forehead, and the marked fea- 
tures of the true Caucasian become perfectly develop- 
ed."* The leading characters, in shtnrt, of the variout 
races of mankind are simply representations of particular 
ttages in the development of the highest or Cauccuian 
type. The Negro exhibits permanently the imperfect 
brain, projecting lower jaw, and slender bent limbs of a 
Caucasian child, some considerable time before the period 
of its birth. The aboriginal American represents the 
same child nearer birth. The Mongolian is an arrested 
infant, newly born ; and so forth. AH this is as respects 
form ;t but whence color ? This might be supposed to 
have depended on climatal agencies only; but it has 
been shown by overpowering evidence to be independent 
of these. In further considering the matter, we are met 
by the very remarkable fact that color is deepest in the 
least perfectly-developed type, next in the Malay, next in 
the American, next in the Mongolian, the very order in 
which the degrees of development are ranged. May not 
color, then^ depend upon development also 7 We do not, 
indeed, see that a Caucasian foetus at the stage which the 
African represents is anything like black ; neither is a 

* Lord's Popular Physiology, explaining observations by M 
Serres. 

t Conformably to this view, the beard, that peculiar attribat« ol 
■latnrity, is scanty in the Mongolian, and scarcely eziiU ia llM 
Americana and Nagrots 
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Caucasian child yellow^ like the Mongolian. There may, 
nevertheless, be a character of skin at a certain stage of 
development which is predisposed to a particular color 
when it is presented as the envelope of a mature being. 
Development being arrested at so immature a stage in the 
case of the Negro, the skin may take on the color as an 
unavoidable consequence of its imperfect organization. 
It is favorable to this view, that Negro infants are not 
deeply black at first, but only acquire the full color tint 
after exposure for some time to the atmosphere. Another 
consideration in its favor is that there is a likelihood of 
peculiarities of form and color, since they are so coinci 
dent, depending on one set of phenomena. If it be ad 
mitted as true, there can be no difficulty in accounting 
for all the varieties of mankind. They are simply the 
result of so many advances and retrogressions in the de- 
veloping power of the human mothers, these advances 
and retrogressions being, as we have formerly seeu, the 
immediate effect of external conditions in nutrition, hard- 
ship, &c.,* and also, perhaps, to some extent, of the suita- 
bleness and unsuitableness of marriages, for it is found 
that parents too nearly related tend to produce ofispring 
of the Mongolian type — that is, persons who in maturity 
still are a kind of children. According to this view, the 

greater part of the human race must be considered as 
aving lapsed or declined from the eriginal type. In the 
Caucasian or Indo-European family alone has the primi- 
tive organization been improved upon. The Mongolian, 
MalajT, American, and Negro, comprehending, perhaps, 
five-sixths of mankind, are degenerate. Strange that the 
great plan should admrt of failures and aberrations of such 
portentous magnitude ! But pause and reflect ; take time 
into consideration : the past history of mankind may be, 
to what is to come, but as a day. hook at the progress 
even now making over the barbaric parts of the earth by 
the best examples of the Caucasian type, promising not 

* of this we hare perhsps an illustration in the peculiarities 
which distingnish the Arabs residing in the valley of Jordan. 
They hare flatter features, darker skins, and coarser hair than 
other tribes of their nation ; and we hare seen one instanon of a 
thoroughly Negro family being bom to an ordinary couple. It 
may be presumed that the conditions of the life of these peo^e 
tend to arrest development We thus see how an offshoot of the 
kuBian fiimily migrating at an early period into Africa, migkt la 
tisM, from Butijoction to similar influences, become Negroes 
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only to fill up the waste places, but to supersede the inh 
perfect nations already existing. Who can tell what pro- 
gress may be made, eyen in a single century, towards re- 
versing the proportions of the perfect and imperfect types? 
and who can tell but that the time during wnich the mean 
types have lasted, long as it appears, may yet be thrown 
entirely into the shade by the time during which the best 
types will remain predominant ? 

We have seen tnat the traces of a common origin in all 
languages afford a ground of presumption for the unity of 
the human race. They establish a still stronger proba- 
bility th»t mankind had not yet begun to disperse oefore 
they were possessed of a means of communicating their 
ideas by conventional sounds — in short, speech. This is 
a gift so peculiar to man, and in itself so remarkable, that 
there is a great inclination to surmise a miraculous origin 
for it, although there is no proper ground, or even sup- 
port, for such an idea in Scripture, while it is clearly op- 
posed to everything else that we know with regard to the 
Providential arrangements for the creation of our race. 
Here, as in many other cases, a little observation of na- 
ture might have saved much vain discussion. The real 
character of language itself has not been thoroughly un- 
derstood. Language, in its most comprehensive sense, if 
the communication of ideas by whatever means. Ideas 
can be communicated by looks, gestures, and signs of va- 
rious other kinds, as well as by speech. The inferior an- 
imals possess some of those means of communicating 
ideas, and they have likewise a silent and unobservable 
mode of their own, the nature of which is a complete 
mystery to us, though we are assured of its reality by iti 
effects. Now, as the inferior animals were all in being 
before man, there was language upon earth long ere the 
history of our race commenced. The only additional 
fact in the history of language, which was produced bf 
our creation, was the rise of a new mode of expression-^ 
namely, that by sound-tigns produced by the vocal or- 
gans. In other words, speecn was the only novelty it 
this respect attending the creation of the human race 
No doubt it was an addition of great importance, for, in 
comparison with it, the other natural modes of communi- 
cating ideas sink into insignificance. Still, the main and 
fundamental phenomenon, language, as the communicatioD 
of ideas, was no new gift of the Creator to man; and in 
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•peech itself, when we judge of it as a natural fact, we 
■ee only a result of some of those superior endowments of 
which so many others have fallen to our lot through the 
medium of an improved or advanced organization. 

The first and most obvious natural endowment concern- 
ed in speech is that peculiar organization of the larynx, 
trachea, and mouth which enables us to produce the va* 
rious sounds required in the case. Man started at first 
with this organization ready for use, a constitution of the 
atmosphere adapted for the sounds which that ore^iza- 
tion was calculated to produce, and, lastly, but not leastly, 
as will afterwards be more particularly shown, a mental 
power within, prompting to, and giving directions for, the 
expression of ideas. Such an arrangement of mutually 
adapted things was as likely to produce sounds as an 
^olian harp placed in a draught is to produce tones. It 
was unavoidable that human beings so organized, and in 
such a relation to external nature, should utter sounds, 
and also come to attach to these conventional meanings, 
thus forming the elements of spoken language. The 
great difficulty which has been felt was to account for 
man going in this respect beyond the inferior animals. 
There could have been no such difficulty if speculators in 
this class of subjects had looked into physiology for an ac- 
count of the superior vocal organization of man, and had 
they possessed a true science of mind to show man pos- 
sessing a faculty for the expression of ideas which is only 
rudimental in the lower animals. Another difficulty has 
been in the consideration that, if men were at first utterly 
untutored and barbarous, they could scarcely be in a con- 
dition to form or employ language — an instrument which 
it rf»quires the fullest powers of thought to analyze and 
speculate upon. But this difficulty also vanishes upon 
reflection — for, in the first place, we are not bound to sup- 
pose the fathers of our race early attaining to great pro- 
ficiency in language ; and, in the second, language itself 
seems to be amongst the least difficult to be acquired, if 
we can form any judgment from what we see in children, 
most of whom have, by three years of age, while their 
information and judgment are still as nothing, mastered 
and familiarized themselves with a quantity of words, in- 
finitely exceeding m proportion what they acquire in the 
course of any subsequent or similar portion of time. 

Discussions as to which parts of speech were first 

13 
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formed^ and the processes by which grammatical stnio* 
ture and inflections took their rise, appear in a great meas- 
ure needless, after the matter iias been placed in thif 
light. The mental powers could readily connect par- 
ticular arbitrary sounds with particular ideas, whether 
those ideas were nouns, verbs, or interjections. As tiie 
words of all languages can be traced back into roots which 
are monosyllables, we may presume these sounds to have 
all been iinonosyllabic accordingly. The clustering of 
two or more together to express a compound idea, and 
the formation of inflections by additional syllables ex- 
pressive of pronouns and such prepositions as of, by, and 
to, are processes which would or might occur as matters 
of course, being simple results of a mental power called 
into action, and partly directed, by external necessities. 
This power, however, as we find it in very different de- 
grees of endowment in individuals, so would it be in differ- 
ent degrees of endowment in nations, or branches of the 
human family. Hence we find the formation of words, and 
the process of their composition and grammatical arrange- 
ment, in very different stages of development in different 
races. The Chinese have a langustge composed of a 
limited number of monosyllables, which they multiply in 
use by mere variations of accent, and which they have 
never yet attained the power of clustering or inflecting; 
the language of this immense nation — the third part of 
the human race — may be said to be in the condition of in- 
fancy. The aboriginal Americans, so inferior in civiliza- 
tion, have, on the other hand, a language of the most 
elaborately composite kind, perhaps even exceeding, in 
this respect, the languages of the most refined European 
nations. These are but a few out of many facts tending 
to show that language is in a great measure independent 
of civilization, as far as its advance and development are 
concerned. Do they not also help to prove that cultivated 
intellect is not necessary for the origination of language? 
Facts daily presented to our observation afford e^c^jr 
simple reasons for the almos^. infinite diversification d 
language. It is invarii^ly found that, wherever socie^ 
is at once dense and refined, language tends to be uni- 
form throughout the whole population, and to undergP 
few changes in the course of time. Wherever, on the 
contrary, we have a scattered and barbarous people, we 
have greit diversit es, and comparatively rapid alterations 
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•f language. Insomuch that, while English, French, 
and German afl^e each spoken with little variation by 
many millions, tiiere are islands in the Indian archi- 
pelago, probably not inhabited by one million, but in 
which there are hundreds of languages, as diverse as 
are English, French, and German. It is easy to see 
how this should be. There are peculiarities in the 
vocal organization of every person, tending to produce 
peculiarities of pronunciation; for example, it has 
been stated that each child in a family of six gave the 
monosyllable fly m a different manner, (eye, fy, ly, 
&c.,) until, when the organs were more advanced, cor- 
rect example induced the proper pronunciation of this 
and similar words. Such departures from orthoepy are 
only to be checked by the power of such example ; but 
this is a power not always present, or not always of suffi- 
cient stren^h. The able and self-devoted Robert 
Hofiat, in his work on South Africa, states, without the 
least regard to hypothesis, that amongst the people of the 
towns of that great region, " the purity and harmony of 
lan^iage is kept up by their pichos or public meetings, 
by their festivals and ceremonies, as well ashy their songs 
and their constant intercourse. With the isolated villages 
of the desert it is far otherwise. They have no such 
meetings : they are compelled to traverse the wilds, often 
to a ^eat distance from their native village. On such 
occasions fathers and mothers, and all who can bear a 
burden, often set out for weeks at a time, and leave their 
children to the care of two or three infirm old people. 
The infant progeny, some of whom are beginning to lisp, 
while others can just master a whole sentence, and those 
atill further advanced, romping and playing together, the 
children of nature, through the livelong day, become ha- 
kkuated to a language of their own. The more voluble 
condescend to the less precocious, and thus, from this in- 
j&nt Babel, proceeds a dialect composed of a host of mon- 
srel words and phrases, joined together without rule, and 
ff» the course of a generation the entire character of the 
language is Aanged*** I have been told, that in like 
manner the children of the Manchester factory workers, 
left for a great part of the day, in large assemblages, under 
the C£U*e, perhaps, of a single elderly person, and spending 
tbe time m amusements, are found to make a great deal ot 
* Missionary Scenes and Labors in South AfUca. 
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aew language. I have seen children in other ureui* 
■tauces amuse themselves by concoctiii^ and throwing 
into the family circulation entirely new words ; and I be- 
lieve I am running little risk of contradiction when I My 
that there is scarcely a family even amongst the middle 
classes of this country who have not some peculiarities of 
pronunciation and syntax, which have originated amongst 
themselves, it is hardly possible to say how. All then 
thinss being considered, it is easy to understand how 
mankind have come at length topossess between three and 
four thousand languages, all different, at least as much m 
Frencik, Grerman, and English, though, as has been shown, 
the traces of a common origin are obeervable in them tlL 

What has been said on the question whether mankind 
were originally barbarous or civilized, will have prepa- 
red the reader for understanding how the arts and scien- 
ces, and the rudiments of civilization itself, took their 
rise amongst -men. The only source of fallacious viewi 
on this subject is the so frequent observation of art% 
sciences, and social modes, forms, and ideas, being not 
indigenous where we see them now flourishing, but 
known to have been derived elsewhere : thus Rome bo^ 
rowed from Greece, Greece from Egypt, and Egypt itseU^ 
lost in the mists of historic antiquity, is now supposed to 
have obtained the light of knowledge from some still 
earlier scene of intellectual culture. This has caused to 
many a ^eat difficulty in supposing a natural or sponta- 
neous origin for civilization and the attendant arts. But, 
in the first place, several stages of derivation are no con- 
clusive argument against there having been an originality 
at some earlier stage. In the second, such OMervers 
have not looked far enough, for, if they had, they could 
have seen various instances of civilizati<i:is which it is 
impossible, with any plausibility, to trace back to a com- 
mon origin with others ; such are those of China and 
America. They would also have seen civilization spring- 
ing up, as it were, like oases amongst the arid plains of 
barbarism, as in the case of the Mandans. A still more 
attentive study of the subject would have shown, amongst 
living men, the very psychological procedure on which 
the origination of civilization and the arts and scienoei 
depended. 

These things, like language, are simply the effects of 
the spontaneous working of certain mental faculties, Mch 
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to the things of the external world on which 
was intended by creative Providence to be eiercised, 
lie (DonkeyB thamBelvea, without inBlruction from anj 
tarter, leuo to use sticks in fishling, and sonio build 
luacB' — ao act which cannot in Uieir case be considered 
oDe of isstiDct, but of iDtelliscnce. Such bting the 
ae, there is no neceaaary difficulty in supposing how 
an, with his superior meatat orKanizatian, (a brain 
'e times heavier,) was able, in nis primitive state, 
ithout instruction, to turn many thiaga in nature to his 
M, and commence, in short, the circle cf the domestic 
ta. He appears, in the moat unfavorable circumstances, 
be able to provide himself with some sort of dwelliug, 
make weapons, and to practice some simple kind of 
lokery. But, granliog, it will be said, that he can go 
us far, how does he ever proceed further unprolnpt«l, 
ein; that many nations remain fixed forever al this 
lint, and seem unable to take one step in advance I It 
perfectly tru" that there ia such a fixation in many oa- 
ma; but, on the other hand, all nations are not alike in 
ental organization, and another point has been estab- 
ihed, that onl7 when aomo favorable circumstances 
ive settled a people in one place do arts and social ar- 
ngemenls get leave to flourish. If we vrors to limit 
ir view to humbly endowed nationa, or the common 
B8 of minds in those called civilized, we should see 
salntely no conceivable power for the origination of 

ua of minds which stand out amongst their fellows — 
e man who, with little prompting or none, conceive 
w ideas in science, arts, morals — and we can be at no 
to underatand how and whence have arisen the ele- 
iDti of that civilization which history tracea from coun- 
' to Dountry throughout the course of centuries. See 
■1, reproducing the Alexandrian's problems at Hf- 
a ^'erguaon, making clocks from the auggestiooa 
own brain, while tending cattle on a Morayshire 
._ .. . a boy Lawrence, in an inn on the Bath road, pro- 
ciiig, without a master, drawings which the educated 
■'■" -M but admire; or look at Solon and Confucius, 
sage lavvs, and brealhing the accents of all but 

(isdom, (or their barbarous fellow-countrymeni 

raa thousand years ago — and the whole mystery !s 
ived at once Amongst the arrangements of Provi> 
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denee, is one for the production of original, inyentiTQ^ 
and aspiring minds, which, when circumstances are not 
decidedly unfavorable, strike oat new ideas for the bene- 
fit of their fell >w- creatures, or put upon them a Jasting 
impress of their own superior sentiments. Nations, im- 
proved by these means, become in tarn foci for the difi\i- 
sion of li^ht over the adjacent regions of barbarism — ^their 
very passions helping to this enc^ for nothing can be mon 
clear than that ambitious aggression has led to the civili- 
zation of many countries. Such is the process which 
seems to form the destined means for bringing mankind 
from the darknsss of barbarism to the day of knowledgs 
and mechanical and social improvement. Even the no« 
ble art of letters is but, as Dr. Adam Ferguson has re> 
marked, " a natural produce of the human mind, which 
will rise spontaneously wherever men are happfly 
placed ;** original alike amongst the ancient Egyptianf 
and the dimly monumented Toltecans of Yucatu. 
"Banish," says Dr. Gall, « music, poetry, painting, 
sculpture, architecture, all the arts and sciencc^s, and let 
your Homers, Raphaels, Michael Angelos, Glucks, and 
Canovas be forgotten, yet let men of ^nius of every de- 
scription spring up, and poetry, music, padnting, archi- 
tecture, sculpture, and all the arts and sciences, will 
again ^hine out in all their glory. Twice within the ree- 
ords 01 history has the human race traversed the great 
circle of its entire destiny, and twice has the rudeness of 
barbarism been followed by a higher degree of refine- 
ment. It is a great mistake to suppose one people to have 
proceeded from another on account of their conformity 
of manners, customs, and arts The swallow of Paris 
builds its nest like the swallow of Vienna, but does i* 
thence follow that the former sprung from the latter. 
With the same causes we have the same efiecta; with the 
same organization we have the manifestation of the 
powers." 
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MENTAL CONSTITUTION OF ANIMALS. 

It has been one of the most agreeable tasks of moden 
•cience to trace the wonderfully exact adaptations of the 
organization of animals to t£ie physical circumstanrei 
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tmidst which they are destined to live. From the mandi- 
bles of insects to the hand of "Tian, all is seen to be in the 
most harmonious relation tc the things of the outward 
world, thus clearly proving that design presided in the 
creation of the whole — design again implying a designer, 
another word for a Creator. 

It would be tiresome to present in this place even a 
selection of the proofs which have been adduced on this 
point. The Natural Theology of Paley, and the Bridge- 
water Treatises, place the subject in so clear a light, that 
the general postulate may be taken for granted. The phys- 
ical constitution of animals is, then, to be regarded as in 
the nicest con^uity and adaptation to the external world. 

Less clear ideas have hitherto been entertained on the 
mental constitution of animals. The very nature of this 
constitution is not as yet generally known or held as as- 
certained. There is, indeed, a notion of old standing, 
that the mind is in some way connected with the brain ; 
but the metaphysicians insist that it is, in reality, known 
only by its acts or effects, and they accordingly present 
the qubject in a form which is unUke any other kind of 
science, for it does not so much as pretend to have nature 
for its basis. There is a general disinclination to regard 
mind in connection with organization, from a fear that 
^is must needs interfere with the cherished religious 
doctrine of the spirit of man, and lower him to the level 
of the brutes. A distinction is therefore drawn between 
our mental manifestations and those of the lower animals, 
the latter being comprehended under the term instinct, 
while ours are collectively described as mind, mind be- 
ing again a received synonyme with soul, the immortal 
part of man. There is here a strange system of confusion 
imd error, which it is most imprudent to regard as essen- 
tial to religion, since candid investigations of nature tend 
to show its untenableness. There is, in reality, nothing 
to prevent our regarding man as specially endowed with 
an immortal spirit, at the same time that his ordinary 
mental itanifestations are looked upon as simple phe- 
nomena resulting from organization, those of the lower 
animals being phenomena absolutely the same in char- 
acter, though developed within much narrower limits.* 

* ■' It net Ood the first oause of matter as well as of mind 7 Dfr 
Bot the first attributes of matter lie as inscrutable in the bosom of 
Ood— 4>f its fimt author— as those of mind ? Has not even mat*«r 
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What has chiefly tended to take mind, in the eyes ol 
learned and unlearned, out of the range of nature, is iti 
apparently irregular and wayward character. How di& 

confessedly received from Ood the power of experiencing, in con* 
sequence of impressions from the earlier modifications m matter, 
certain consciousnesses called sensations of the same ? U not, 
therefore, the wonder of matter also receiving the conscionsnesaei 
of other matter called ideas of the mind a wonder more flowing 
out of and in analogy with all former wonders, than would be, on 
the contrary, the wonder of this faculty of the mind not flowing 
out of any faculties of matter 1 Is it not a wonder which, so £tf 
from destroying our hopes of immortality, can establish that doo* 
trine on a train of inferences and inductions more firmly estab 
lished and more connected with each other than the former belirf 
can be, as soon as we have proved that matter is not peiishaUe, 
but is only Uable to successive combinations and decombinatioins ? 

" Can we look further back one way into the first origin of mat 
ter Uian we can look forward the other way into the last develop* 
ments of mind ? Can we say that Gk>d has not in matter itself laid 
the seeds of every faculty of mind, rather than that he has made 
the first principle of mind entirely distinct from that of matter 1 
Cannot the first cause of all we see and know have fraught matter 
ittelf, from its very beginning, yfith aU the eOtribtUe* neeeasary to 
develop into mind, as well as he can have from the first made the 
attributes of mind wholly different from those of matter, oplv ia 
order afterwards, by an imperceptible and incomprehenaiblA linki 
to join the other two together? 

*' * * [The decombination of the matter on which mind reitij 
is this a reason why mind must be annihilated 7 Is the tempoiaiy 
reverting of the mind and of the sense out of which that mind m- 
velops, to their original component elements, a reason for think 
ing that they cannot again at another later period, and in another 
higher globe, be again recombined, and with more splendor thsa 
before 1 * * The New Testament does not after death here mo* 
mise us a soul hereafter unconnected with matter, smd which aai 
no connection with our present mind>— a soul independent of tioe 
and space. That is a fanciful idea, not founded on its expressioiii» 
when taken in their just and real meaning. On the contrary, it 
promises us a mind like the present, founded on time and space: 
since it is, like the present, to hold a certain situation ia time,aBd 
a certain locality in space. But it promises a mind situated in po> 
uons of time and of space difierent from the present, a mind coinpoeed 
of elements of matter more extended, more perfect, and more glo* 
rious : a mind which, formed of materials supplied by diflweat 

S'obes. is consequently able to see further into the past, and to 
ink further into the future, than any mind here existing : a mind 
which, from the partial and uneven combination incidental to it 
on this globe, will be exempt from the changes for evil, to which, 
on the present globe, mind as well as matter is liable, and will only 
thenceforth experience the changes for the better which matter 
more Justly poised, will alone continue to experience : a mind 
which, no longer fearing the death, the total decomposition, te 
which it is subject on this globe, will thenceforth continue last and 
ammortal*'— Horx, on the Origin and ProspteU of Mm 1881. 
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ferent the manifestations in different beings ! how unsta- 
ble in all !— ^at one time so calm, at another so wild and 
impulsive ! It seemed impossible that anything so subtle 
ana aberrant could be part of a system, the main featui«s 
of which are regularity and precision. But the irregu- 
larity of mental phenomena is only in appearance. When 
we give up the individual, and take the mass, we find as 
much uniformity of result as in any other class of natural 
phenomena. The irregularity is exactly of the same kind 
as that of the weather. No man can say what may be 
the weather of to-morrow; but the quantity of rain which 
falls in any particular place in any five years is precisely 
the same as the quantity which falls in any other five 
years at the same place. Thus, while it is al»olutely im- 
possible to predict of any one Frenchman that during 
next year he will commit a crime, it is quite certain that 
•bout one in every six hundred and fif^ of the French 
people will do so, because in past years the proportion 
Las generally been about that amount, the tendencies to 
crime in relation to the temptations being everywhere 
invariable over a sufficiently wide range of time. So 
also, the number of persons taken in charge by the police 
in London for being drunk and disorderly on the streets, 
■B, week by week, a nearly uniform quantity, showing 
ihat the inclination to drink to excess is always in the 
mass about the same, regai'd being had to the existing 
temptations or stimulations to this vice. Even mistakes 
and oversights are of regular recurrence, for it is found 
in the post-offices of large cities that the number of let- 
ters put in without adc&esses is year by year the same. 
Statistics has made out an equally distinct regularity in a 
wide range, with regard to many other things concerning 
the mind, and the doctrine founded upon it has lately 
produced a scheme which may well strike the ignorant 
with surprise. It was proposed to establish in London 
a society for ensuring the integrity of clerks, secretaries, 
collectors, and all such functionaries as are usually 
cbliged to find security for money passing through their 
hands in the course of business. A gentleman of the 
highest character as an actuary spoke of the plan in the 
foUowing terms : « If a thousand bankers' clerks were to 
cbih together to indemnify their securities, by the pay- 
ment of one pound a ^ear each, and if each had given 
security for 500/., it is obvious that two in each year 

14 
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might become defaulters to that amount, four to half the 
amount, and so on, without rendering the guarantee fund 
insolvent If it be tolerably well ascertained that the in- 
stances of dishonesty (yearly) among such persons amount 
to one in five hundred, this club would continue to exist, 
tubject to being in debt in a bad ;|^ear- to an amount 
which it would be able to discharge in good ones. The 
only question necessary to be asked previous to the for- 
mation of such a club would be, — may it not be feared 
that the motive to resist dishonesty would be lessened by 
the existence of the club, or that ready-made rogues, by 
belonging to it, might find the means of obtaining situa- 
tions which they would otherwise have been kept out of 
by the impossibility of obtaining security among those 
who know them ? Suppose this be sufiSciently answered 
Dy saying that none but those who could bring satisfac- 
tory testimony to their previous good character should be 
allowed to join the club; that persons who may now 
hope that a deficiency on their parts will be made up and 
hushed up by the relative or friend who is security, will 
know very well that the club will have no motive to de- 
cline a prosecution, or to keep the secret, and so on. It 
then only remains to ask whether the sum demanded for 
the guarantee is sufficient* The philosophical princi- 
ple on which the scheme proceeds, seems to be simply 
this, that, amongst a given (lar^e) number of persons ol 
good character, there will be within a year or consider- 
able space of time, a determinate number of instances in 
which moral principle and the terror of the consequences 
of guilt will be overcome by temptations of a determinate 
kind and amount, and thus occasion a periodical amount 
of loss which the association must make up. 

This statistical regularity in moral affairs fully estab- 
lishes their being under the presidency of law. Man ii 
now seen to be an eni^a only as an individual ; in the 
mass he is a mathematical problem. It is hardly neces- 
sary to say, much less to argue, that mental action, being 
proved to be under law, passes at once into the cat^ory 
of natural things. Its old metaphysical character van- 
ishes in a moment, and the distinction usually taken be^ 
tween physical and moral is annulled, as only an error in 

» Dublin Review, Aug. 1840. The Guarantee Society hat linee 
Deen established, and is lilcely to become a useful and prosperonf 
institution 
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fcrsM . This view agrees with what all observation teach- 
es, that mental phenomena flow directly from the brain. 
They are seen *jo be dependent on naturally constituted 
and naturally conditioned organs, and thus obedient, like 
mil other organic phenomena, to law. And how wondrous 
must the constitution of this apparatus be, which gives us 
consciousness of thought and of affection, which makes 
as familiar with the numberless things of earth, and ena- 
bles us to rise in conception and communion to the coun- 
cils of God himself! It is matter which forms the me- 
dium or instrument — a little mass which, decomposed, is 
but so much common dust ; >et in its living constitution, de- 
signed, formed and sustained by Almighty Wisdom. How 
admirable its character ! how reflective of the unuttera- 
ble depths of that Power by which it was so formed, and 
is so sustained ! 

In the mundane economy, mental action takes its place 
as a means of providing for the independent existence and 
the various relations ^ animals, each species being fur- 
nished according to its special necessities and the demands 
of its various relations. The nervous system — the more 
eomprehensive term for its. organic smparatus — is various- 
ly developed in different classes and species, and also in 
different individuals, the volume or mass bearing a gene- 
ral relation to the amount of power. In the moUusca 
and Crustacea we see simply a ganglionic cord pervading 
the extent of the body, and sending out lateral filaments. 
In the vertebrata, we find a brain with a spinal cord, and 
branching lines of nervous tissue.* But here, as in the 
general structure of animals, the great principle of unity 
18 observed. The brain of the vertebrata is merely an 
expansion of one of the ganglions of the nervous cord of 
the mollusca and Crustacea. Or the corresponding gan- 
glion of the mollusca and Crustacea may be regarded as 
the rudiment of a brain, the superior or^an thus appear- 
ing as only 9 father development of the inferior. There 
are many facts which tend to prove that the action of this 
Apparatus is of an electric nature, a modification of tha^ 
furprising agent which takes magnetism, heat, and light, 
•8 other subordinate forms, and of whose general scope in 

* The ray, 'which is considered the lowest in the scale of fishes, 
or next to uie crustaceans, gives the first faint representation of a 
brain in certain scanty and medullary masses, which appear as 
SMrely composed of eiuai^ed origiiu of the nerves. 
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this great system of things we are only beginning to hare 
a ri^ht conception. It has been found that simple elec- 
tricity, artificially produced, and sent along the nerves of 
a dead body, excites muscular action. The brain of a 
newly-killed animal being taken out, and replaced by a 
substance whi ;h produces electric action, the operation 
of digestion, v^hich had been interrupted by the death of 
the animal, was resumed, showing the absolute identity 
of the brain with a galvanic battery. Nor is this a vei7 
startling idea, when we reflect that electricity is al- 
most as metaphysical as ever mind was supposed to be. 
It is a thing perfectly intangible, weightless. Metal may 
be magnetized, or heated to seven hundred of Fahrenheit 
without becoming the hundredth part of a grain heavier. 
And yet electricity is a real thing, an actuaJ existence in 
nature, as witness the effects of neat and light in vegeta- 
tion — the power of the galtranic current to reassemble 
the particles of copper from a solution, and make them 
again into a solid plate — the rending force of the thun- 
derbolt as it strikes the oak; see also how both beat 
and light observe the angle of incidence in reflection, ai 
exactly as does the grossest stone thrown obliquely against 
a wall. So mental action may be imponderable, intangi- 
ble, and yet a real existence, and ruled by the EtermJ 
through his laws.* 

Common observation shows a great general superiorify 
of the human mind over that of the inferior animak 
Man's mind is almost infinite in device ; it ranges over 
all the world; it forms the most wonderful combmatiom; 
it seeks back into the past, and stretches forward into the 
future ; while the animals generally appear to have a nar- 
row range of thought and action. Bat so also has an in- 
fant but a limited range, and yet it is mind which worin 

* If mental action is electric, the proverbial quickneM ol thmurlit 
—that is, the quickness of the transmission of sensation nnd «w— 
may be presumed to have been brought to an exact meftsaremeaL 
The speed of light has long been known to be about 1M.600 mOm 
per second, and the experiments of Wheatstone have shown thst 
the electric agent travels (ii I may so speak) at the samo latib 
thus showing a likelihood that one law rules the movements Ol 
all the " imponderable bodies." Mental action may according 
be presumed to have a rapidity equal to one hundred and aiaMy- 
two thousand miles in the second— a rate evidently far beriwl 
what is necessary to make the design and execution cf any ec otf 
ordinary muscular movements apparently identical %n point ii 
Hme, which they are. 
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Ihere, as well as in the most accomplished adults. The 
difference between mind in the lower animals and in man 
18 a difference in degree only ; it is not a specific differ- 
ence. All who have studied animals by actual observa- 
tion, and even those who have given a candid attention 
to the subject in books, must attain more or less clear 
eonvictions of this truth, notwithstanding all the obscurity 
which prejudice may have engendered. We see animals 
capable of affection, jealousy, envy; we see them quarrel, 
and conduct quarrels, in the very manner pursued by the 
more impulsive of our own race. We see them liable to 
flattery, inflated with pride, and dejected by shame. We 
see them as tender to their young as human parents are, 
and as faithful to a trust as the most conscientious of hu- 
man servants. The horse is startled by marvellous ob> 
jects, as a man is. The dog and many others show tena- 
cious memory. The dog also proves himself possessed 
ef imagination, by the a<% cf[ dreaming. Horses, finding 
themselves in want of a shoe, have of their own accord 

S>ne to a farrier's shop where they were shod before, 
ats, closed up in rooms, wilt endeavor to obtain their 
liberation by pulling a latch or ringing a bell. It has 
■everal times been observed that in a field of cattle, when 
one or two were mischievous, and persisted long in an- 
•oying or tyrannizing over the rest, the herd, to all ap' 
p^urance, consulted, and then, ma^ng a united effort, 
drove the troublers off the ground. The members of a 
rookery have also been observe to take turns in supply- 
ing the needs of a family reduced to orphanhood. AH 
^theae are acts of reason, in no respect different from 
similar acts of men. Moreover, although there is no 
heritage of accumulated knowledge amongst the lower 
animals, as there is amount us, they are in some degree 
•UBceptible of those modifications of natural character, 
4nd capable of those accomplishments, which we call 
education. The* taming and domestication of animals, 
and the changes thus produced upon their nature in the 
eoorae of generations, are results identical with civiliza- 
tion amongst ourselves; and the quiet, servile steer is 
probsd>ly as unlike the original wild cattle of this country 
as the English gentleman of the present day is unlike the 
rode baron of the age of King John. Between a young, 
anbroken horse and a trained one, there ie. again, all the 
4iffereoce which exists between a wild yi^iith reared at 
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his own discretion in the country and the same penoo 
when he has been toned down by long exposure to thi 
influences of refined society. On the accomplishment! 
acquired by animals it were superfluous to enter at any 
length : but I may advert to the do^ of M. Leonard, at 
remarkable examples of what the animal intellect may be 
trained to. When four pieces of card are laid down be- 
fore them, each having a number pronounced onct in 
connexion with it, they will, after a re-arrang^nent of 
the pieces, select any one named by its number. They 
also play at dominoes, and with so much skill as to tri- 
umph over biped opponents, wining if the adversary 
place a wrong piece, or if they themselves be deficient in 
a right one. Of extensive combinations of thought we 
have no reason to believe that any animal is capable— 
and yet most of us must feel the force of Walter Scott*R 
remark, that there was scarcely anything which he would 
not believe of a dog. There is a curious result of edu- 
cation in certain animals, namely, that habits to which 
they have been trained in some instances become heredi- 
tary. For example, the accomplishment of pointing at 
game, although a pure result of education, appears in th« 
young pups brought up apart from their parents and kind. 
The peculiar leap of the Irish horse, acquired in Um 
course of traversing a boggy country, is continued in tin 
progeny brought up in England. This hereditariness oi 
specific habits suggests a relation to that form of psycho- 
logical demonstration usually called instinct ; but instinct 
is only another term for mind, or is mind in a peculiar 
stage of development; and though the fact wei'e otnerwise, 
it could not anect the postulate, that demonstrations, such 
as have been enumerated are mainly intellectual demon- 
strations not to be distinguished as such from those oi hu- 
man beings. 

More than this, the lower animals manifested mental 
phenomena long before man existed. While as yet tiieie 
was no brain capable of working out a mathematical 
problem, the economy of the six-sided figure was exem- 

Elified by the instinct of the bee. Ere human musician 
ad whistled or piped, the owl hooted in B flat, the cuc- 
koo had her song of a falling tlr ird, and the cl^rp of the 
cricket was in B. The dog and the elephant prefigured 
the sagacity of the human mind. The love of a human 
aiother for her babe was anticipated by xiearly efeiy 
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humbler mammal, the carnaria not excepted. The pea* 
cock strutted, the tarkey blustered, and the cock fought 
for victory, just as human beings afterwards did, and still 
do. Our faculty of imitation, on which so much of our 
amusement depends, was exercised by the mocking-bird ; 
and the whole tribe of monkeys must have walked about 
the pre-human world, playing off those tricks in which 
we see the comicality and mischief-making of our char- 
acter so curiously exaggerated. 

The unity and simplicity which characterize nature 
give great antecedent probability to what observation 
seems about to establish, that, as the brain of the verte- 
brata generally is just an advanced condition of a partic- 
ular ganglion in the moUusca and Crustacea, so are the 
brains of the higher and more intelligent mammalia 
only further developments of the brains of the inferior 
orders of the same class. Or, to the same purpose, it 
may be said that each species has certain superior de- 
yelopments, according to its needs, while others are in 
a rudimental or repressed state. This will more clearly 
appear after some inquiry has been made into the various 
powers comprehended under the term mind. 

One of the first and simplest functions of mind is to 
give cotucuHi^neM— consciousness of our identity and of 
our existence. This, apparently, is independent of the 
iensetf which are simply media, and, as Locke has shown, 
the only media through which ideas respecting the 
external world reach the brain. The access of such 
ideas to the brain is the act to which the metaphysicians 
have given the name of perception. Gall, however, has 
shown, by induction from a vast number of actual cases, 
that there is a part of the b^ain devoted to perception, 
and that even ttiis is subdivided into portions which are 
respectively dedicated to the reception of different sets of 
ideas, as those of form, size, color, weight, object in their 
totality, events in their progress or occurrence, time, mu- 
sical sounds, &c. The system of mind invented by this 
philosopher — the only one founded upon nature, or which 
even pretends to or admits of that necessary basis — 
shows a portion of the brain acting as a faculty of comic 
ideas, another of imitation, another of wonder, one for 
discriminating or observing differences, and another in 
which resides the power of tracing effects to causes. 
There are also parts of the brain for the sentimental pait 
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of our nature, or the affections, at the head of whici 
stand the moral feelings of benevolence, coosciencious 
ness, and veneration. Through these, man stands in re 
lation to himself, his fellovir-men, the external world 
and his God ; and through these comes most of the hap- 
piness of man's life« as well as that which he derives 
from the contemplation of the world to come, and the 
cultivation of his relation to it (pure religion.) The 
•jther sentiments may be briefly enumerated, their names 
being sufficient, in general, to denote their functions^ 
firmness, hope, cautiousness, self-esteem, love of appro- 
bation, secretiveness, marvellousness, constructiveneM, 
imitation, combativeness, destructiveness, concentrative- 
ness, adhesiveness, love of the opposite sex, love of off- 
spring, alimentativeness, and love of life. Through these 
faculties, man is connected with the external world, and 
supplied with active impulses to maintain his place in it 
as an individual and as a species. There is dlao a faculty, 
(language,) for expressing, by whatever means (signi^ 
gestures, looks, conventional terms in speech,) the ideas 
which arise in the mind. There is a particular state of 
each of these faculties, when the ideas of objects once 
formed by it are revived or reproduced, a process which 
seems to be intimately allied with some of the phenomena 
of the new science of photography, when images im- 
pressed by reflection of the sun's rays upon sensitive 
paper are, after a temporary obliteration, resuscitated on 
the sheet being exposed to the fumes of mercury. Such 
are the phenomena of memory, that handmaid of intel- 
lect, witnout which there could be no accumulation of 
mental capital, but an universal and continual infancy. 
Conception and imagination .appear to be only intensities, 
so to s]>eak, of the state of brain in which fnemory is 
produced. On their promptness and power depend most 
of the exertions which distinguish the man of arts and 
letters, and even in no small measure the cultivator of 
science. 

The faculties above described — the actual elements of 
the mental constitution — are seen in mature man in aa 
indefinite potentiality and range of action. It is different 
with the lower animals. They are there comparatively 
definite in their power, and restricted in their appliciiioo. 
The reader is familiar with what are called instincts in 
•ome of the humbler species, that is, an unifoim and 
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■Dprompted tendency towards certain particular acts, as 
the building of cells by the bee, the storing of provisions 
by that insect and several others, and the construction of 
nests for a coming progeny by birds. This quality is 
nothing more than a mode of operation peculiar to the 
faculties in an humble state of endowment, or early stage 
of development. The cell formation of the bee, the 
house-building of ants and beavers, the web-spinning of 
spiders, are but primitive exercises of constructiveness, 
the faculty which, indefinite with us, leads to the arts of 
the weaver, upholsterer, architect, and mechanist, and 
makes' us often work delightedly where our labors are in 
vain, or nearly so. The storing of provisions by the ants 
is an exercise of acquisitiveness — the faculty which with 
us makes rich men and misers. A vast number of cu- 
rious devices, by which insects provide for the protec- 
tion and subsistence of their young, whom they are per- 
haps never to see, are most probably a peculiar restricted 
effort of philo-progenitiveness. The common source of 
this class of acts, and of common mental operations, is 
shown very convincingly by the melting of the one set 
into the other. Thus, for example, the bee and bird will 
make modifications in the ordinary form of their cells and 
nests when necessity compels them. Thus, the alimen- 
tiveness of such animals as the dog, usually definite with 
regard to quantity and qualify, can be pampered or edu- 
cated up to a kind of epicurism, that is, an mdefiniteness 
of object and action. ThOvSame faculty acts limitedly in 
ourselves at first, dictating the special act of sucking : 
afterwards it acc^uires indefiniteness. Such is the real 
nature of the distinction between what are called instincts 
and reason, upon which so many volumes have been 
written without profit to the world. All faculties are in* 
stinctive, that is, dependent on internal and inherent im- 
pulses. This term is therefore not specially applicable 
to either of the recognized modes of the operation of the 
faciQties. We only, in the one case, see the faculty in 
an immature and slightly developed st^te ; in the other, 
in its most advanced condition. In the one case, it is 
definite, in the other, indefinite, in its ran^e of action 
These terms would perhaps be the most suitable for ex- 
pressing the distinction. 

In the humblest forms of being we can trace scarcely 
•nythiog besides a definite action in a few of the faculties 
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Generally speaking, as we ascend in the scale, wc 
more and more of the faculties in exercise, and tij 
tending more to the indefinite mode of manifestation. 
And for this there is the obvious reason in Providence, 
that the lowest animals have all of them a very limited 
sphere of existence, born only to perform a few functions^ 
and enjoy a brief term of life, and then give way to 
another generation, so that they do not need much mental 
guidance. At higher points in the scale, the sphere of 
existence is considerably extended, and the mental opera* 
tions are less definite accordingly. The horse, dog, and 
a few other rasorial types, noted for their serviceableness 
to our race, have the indefinite powers in no small en- 
dowment. Man, again, shows very little of the definite 
mode of operation, and that little chiefly in childhood, (» 
in barbarism or idiocy. Destined for a wide field of action, 
and to be applicable to infinitely varied contingencies, he 
has all the faculties developed to a high pitch of indefi> 
niteness, that he may be ready to act well in all imagina- 
ble cases. His commission, it may be said, gives Ivtf^ 
discretionary powers, while that of the inferior animals is 
liniited to a few precise directions. But when the human 
brain is congenitally imperfect or diseased, or when it i« 
in the state of infancy, we see in it an approach towards 
the character of the brains of some of the inferior animals. 
Dj*. G. J. Davey states that he has frequently witnessed, 
among his patients at the Han well Lunatic Asylum, indi- 
cations of a particular abnormal cerebration which forci- 
bly reminded him of the specific healthy characteristics 
of animals lower in the scale of organization ;* and every 
one must have observed how often the actions of children, 
especially in their moments of play, a^d where their 
selfish feelings are concerned, bear a resemblance to those 
of certain fanuliar animals.f Behold, then, the wonder- 
ful unity of the whole system The grades of mind, like 
the forms of being, are mere stages of development In 
the humbler forms, but a few of the mental faculties are 
traceable, just as we see in them but a few of the linea- 
ments of universal structure. In man, the system hai 

* Phrenological Journal, xv., 338. 

t A pampered lap-dog. living where there is another of its owi 
•pecies, will hide any nice morsel which it cannot eat, under a rof 
or in some other by-place, designing to eivjoy it aflenrwdt. I havt 
seen children do the same thing 
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arrived at its highest condition. The few gleams ot 
reason, then, which we see in the lower animals are pre- 
cisely analogous to such a development of the fore-arm as 
we find in the paddle of the whale. Causality, comparison, 
and other of tne nobler faculties, are in them rudimental 

Bound up as we thus are by an identity in the charac- 
ter of our mental organization with the lower animals, 
we are yet, it will be observed, strikingly distinguished 
from them by this ereat advance in development. We 
have faculties in full force and activity, which the ani- 
mals either possess not at all, or in so low and obscure a 
form as to be equivalent to non-existence. Now these 
parts of mind are those which connect us with the things 
that are not of this world. We have veneration, prompt- 
ing us to the worship of the Deity, which the animals 
lack. We have hope, to carry us on in thought beyond 
the bounds of time. We have reason, to enaUe us to in- 
quire into the cuiu'^cter of the Great Father, and the re- 
lation of us, his humble creatures, towards him. We 
have conscientiousness and benevolence, hy which we 
can in a faint and humble measure imitate, in our con- 
duct, that which he exemplifies in the whole of his 
wondrous doings. Beyond tnis, mental science does not 
carry us in support of religion : the rest depends on evi- 
dence of a different kind. But it is surely much that we 
thus discover in nature a provision for things so import- 
ant. The existence of faculties bavins a regard to such 
things is a ^ood evidence that such things exist. The 
face of God is reflected in the organization of man, as a 
little pool reflects the glorious sun. 

The afiective or sentimental faculties are all of them 
liable to operate whenever appropriate objects or stimuli 
are presented, and this they do as irresistibly and uner- 
ringly as the tree sucks up moisture which it requires, 
wiui only this exception, that one faculty often interferes 
with the action of another, and operates instead by force 
oi superior inherent strength or temporary activity. For 
example, alimentiveness may be in powerful operation 
with regard to its appropriate object, producing a keen 
ftppetite, and yet it may not act, in consequence of the 
more powerful operation of cautiousness, warning against 
evil consequences likely to ensue from the desired indul- 
gence. This liability to flit from under the control oi 
one feeling to the control of another, constitutes what in 
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reco^izrd as fre« will in man, bein^^othing more 

a ricisitude in the supremacy of the faculties oyer each 

other. 

It is a comm )n mistake to suppose that the individualf 
of our own species are all of them framed with similar 
faculties — similar in power and tendency — and that edu- 
cation and the influence of circumstances produce all 
the differences which we obserre. There is not, in the 
old systems of mental philosophy, any doctrine more op- 
posite to the truth than this. It is refuted at once by the 
great differences of intellectual tendency and moral dis- 
position to be obseryed among a group of young children 
who haye been all brought up in circumstances perfecUy 
identical— eyen in twins, who haye neyer been but in one 
place, under the charge of one nurse, attended to alike 
in all respects. The mental characters of indiyiduals are 
inherently yarious, as the forms of their persons and the 
features of their faces are; and education and circum- 
stances, though their influence is not to be despised, are 
incapable of entirely altering these characters, where 
they are strongly deyeloped. That the original charac- 
ters of mind are dependent on the yolume of particular 
parts of the brain and the general quadity of that yiscus, 
IS proyed by induction from an extensive range of obser- 
yations, the force of which must haye been long since 
uniyersadly acknowledged but for the unpreparedness of 
mankind to admit a functional connexion between mind 
and body. The different mental characters of indiyidu- 
als may be presumed from analogy to depend on the same 
law of deyelopmcnt which we haye seen determining 
forms of being and the mental characters of particular 
species. This we may eoneeiye as carrying forward the 
intellectual powers and moral dispositions of some to a 
high pitch, repressing those of others at a moderate 
amount, and thus producing all the yarieties which we 
see in our fellow-creatures. Thus a Cuyier and a New« 
ton are but expansions of a clown, and the person em- 
phatically csdled the wicked man is one whose hi^^best 
moral feelings are rudimental. Such differences are not 
confined to our species ; they are only less strongly marked 
in many of the inferior animals. There are clever dogi 
and wicked horses, as wril as clever men and wicked men, 
tand education sharpens the talents, and in some degree 
regulates the dispositions of animals, as it does our owa 
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Here I may adtert to a very interesting analogy between 
fhe mental characters of the types in the quinary system 
of zoology and the characters of individual men. We 
have se^n that the pre-eminent type is usually endowed 
with an harmonious assemblage of the mental qualities be- 
longing to the whole group, while the sub-typical inclines 
to ferocity, the rasorial to gentleness, and so on. Now, 
among indiyiduals, some appear to be almost exclwNvely 
of the sub- typical, and others of the rasorial charac- 
ters, while to a limited number is giren the finely as- 
sorted assemblage of qualities which places them on a 
parallel with the typical. To this may be attributed the 
universality which marks all the very highest brains, 
such as those of Shakspeare and Scott, men of whom it 
has been remarked that they must have possessed within 
ttiemselves not only the poet, but the warrior, the states- 
man, and the philosopher ; and who, moreover, appear 
to have had the mild and manly, the moral and the forci- 
ble parts of our nature in the most perfect balance. 

Tnere is, nevertheless, a general adaptation of the men- 
tal constitution of man to the circumstances in which he 
lives, as there is between all the parts of nature to each 
(^her. The goods of the physical world are only to be re- 
alized by ingenuity and industrious exertion ; behold, ac- 
cordingly, an intellect full of device, and a fabric of the 
faculties which would go to pieces or destroy itself if it 
were not kept in constant occupation. Nature presents 
to us much that is sublime and beautiful : behold faculties 
which delight in contemplating these properties of hers, 
wad in rising upon them, as upon wings, to the presence 
of the Eternal. It is also a world of difficulties and perils, 
and see how large a portion of our species are endowed 
with vigorous powers which take pleasure in meetine and 
overcoming difficulty and danger. Even that principle on 
which our faculties are constituted — ^a wide range of free- 
dom in which to act for all various occasions — necessitates 
A resentful faculty, by which individuals may protect them- 
■elves from the undue and capricious exercise of each 
other's faculties, and thus preserve their individual rights 
So also there is cautiousness, to give us a tenden'*y to 
provide a^nst the evils by which we may be assailed ; 
Rnd secretiveness, to enable us to conceal whatever, being 
divulged, would be offensive to others oi injurious tc our- 
Mftlves— a function which ob^ously has a certai: Irgiti 
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mate ran^e of action, however liable to be abused. The 
'constitution of the mind generally points to a state of inti- 
mate relation of individuals towards society, towards the 
external world, and towards things above this world. No 
individual being is integral or independent j he is only 

J>art of an extensive piece of social mechanism. The in- 
ierior mind, full of rude energy and unregulated impulse, 
does not more require a superior nature to act as its mas- 
ter and its mentor, than does the superior nature reqbire 
to be surrounded by such rough elements on which to ex- 
ercise its high endowments as a ruling and tutelary power. 
This relation of each to each produces a vast portion of 
the active business of life. It is easy to see that, if we 
were all alike in our moral tendencies, and all placed on 
a medium of perfect moderation in this respect, the world 
would be a scene of everlasting dulness and apathy. It 
requires the variety of individual constitution to give mor- 
al life to the scene. 

The indefiniteness of the potentiality of the human fac- 
ulties, and the complexify which thus attends their re- 
lations lead unavoidably to occasional error. If we con- 
sider for a moment that there are not less than thirty such 
faculties, that they are each given in different proportions 
to different persons, that each is at the same time endow- 
ed with a wide discretion as to the force and frequency of 
its action, and that our neighbors, the world, and our 
connexions with something beyond it, are all exercising 
an ever-varying influence over us, we cannot be snr- 

ftrised at the irregularities attending human conduct 
t is simply the penalty paid for the superior endow- 
ment. It is here that the imperfection of our nature 
resides. Causality and conscientiousness are, it is true, 
guides over all ; but even these are only faculties of the 
same indeterminate constitution as the rest, and partake 
accordingly of the same inequalitv of action. Man ii 
therefore a piece of mechanism, which never can act so 
as to satisfy his own ideas of what he mieht be — ^for he 
can imagine a state of moral perfection, (as he can imagine 
a globe formed of diamonds, pearls, md rubies,) though 
his constitution forbids him to realize it. There ever wul, 
in the best disposed and most disciplined minds, be occa- 
sional discrepancies between the amount of temptation 
and the power summoned for regulation or resistance, or 
between the stimulus and the mobility of the faculty ; 
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•nd hence those errors, and shortcomings, and excet»et» 
without end, with which the good are constancy finding 
cause to charge themselves. There is at the same time 
even here a possibility of improvement. In infancy, the 
impulses are all of them irregular ; a child is cruel, cun- 
ning, and false, under the slightest temptation, but in 
time learns to control these inclinations, and to be habit- 
ually humane, frank, and truthful. So is human society, 
in its earliest stages, sanguinary, aggressive, and deceit- 
ful, but in time becomes just, faithful and benevolent. 
To such improvements there is a natural tendency which 
will operate in all fair circumstances, thoueh it is not to 
be expected that irregular and undue impmses will ever 
be altogether banished from the system. 

It may still be a puzzle to many, how beings should be 
born into the world whose or^ranization is such that they 
unavoidably, even in a civilized country, become male- 
factors. Does God, it may be asked, make criminals? 
Does he fashion certain beings with a predestination to 
evil ? He does not do so ; and yet the criminal type of 
irrain, as it is called, comes into existence in accordance 
with laws which the Deity has established. It is not, 
however, as the result of the first or general intention of 
those laws, but as an exception from their ordinary and 

E roper action. The production of those evilly-disposed 
eings is in this manner. The moral character of the 
progeny depends in a general way ^as does the physical 
character also,) upon conditions oi the parents, — both 
general conditions, and conditions at the particular time 
of the commencement of the existence of the new being, 
and likewise external conditions afiecting the foetus 
through the mother. Now, the amount of these condi- 
tions is indefinite. The faculties of the parents, as far 
OS these are concerned, may have oscillated for the time 
towards the extreme of tensibility in one direction. The 
influences upon the foetus may have also been of an ex 
treme and unusual kind. Let us suppose that the condi- 
tions upon the whole have been favorable for the develop- 
ment, not of the higher but of the lower sentiments, and 
of the propensities of the new being, the result will ne- 
cessarily be a mean type of brain. Here it will be ob- 
served, God no more decreed an immoral being than he 
decreed an immoral paroxysm of the sentiments. Our 
jwrplezity is in considering the ill-disposed being by 
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himself. He is only a part <^ a series of phenomena 
b^ceabl Ao a principle good in the main, but which ad- 
mits of evil as an exception. We have seen that it is fof 
wise ends that God leaves our moral faculties to an iudcfi* 
nite range of action ; the general g:ood results of thib ar- 
rangement are obvious ; but exceptions of evil are insep- 
arable from such a system, and this is one of them. To 
come to particular illustration — when a people are op- 
pressed, or kept in a state of slavery, they invariably con- 
tract habits of lying, for the purpose of deceiving and 
outwitting their superiors, falsehood bein^ a rcffuge of the 
weak under difficulties. What is a habit in parents be- 
comes an inherent quality in children. We are not, 
therefore, to be surprised when a traveller tells us that 
black children in the West Indies appear to lie by in- 
stinct, and never answer a white person truly even in the 
simplest matter. Here we have secretiveness roused in 
a people to a state of constant and exalted exercitte ; an 
over- tendency of the nervous energy in that direction is 
the consequence, and a new organic condition is estab- 
lished. This tells upon the progeny, which comes into 
the world with secretiveness excessive in volume and 
activity. All other evil characteristics may be readily 
conceived as being implanted in a new generation in the 
same way. And sometimes not one, but several genera- 
tions, may be concerned in bringing up the result to a 
pitch which produces crime. It is, however, to be ob- 
served, that tne general tendency of things is to a limitap 
tion, not the extension of such abnormally constituted 
beings. The criminal brain finds itself in a social scene 
where all is against it. It may struggle on for a time, 
but the medium and superior natures are never long at a 
loss in getting the better of it. The disposal of such 
beings will always depend much on the moral state of a 
community, the degree in which just views prevail with 
regard to human nature, and the feelings which accident 
may have caused to predominate at a particular time. 
Where the mass was little enlightened or refined, and 
terrors for life or property were highly excited, male£M- 
tors have ever been treated severely. But when <^er ii 
generally triumphant, and reason allowed sway, men be- 
gin to see the true case of criminals — ^namely, that whilt 
one large department are victims of erroneous social con- 
ditions, anotner are brought to error by tendenciet 
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tfaey are onl^ unfortunate in having inherited from na- 
ture. Criminal jurisprudence, then, addresses itself leas 
to the diiect punishment than to the reformation and 
care-taking of those liable to its attention. And such a 
treatment of criminals, it may be further remarked, so 
that it stop short of affording any encouragement to crime 
(a point which experience will determine,) is evidently 
no more than justice, seeing how accidentally all formt 
of the moral constitution are distributed, and how thor- 
oughly mutual obligation shines throughout the whole 
frame of society — the strong to help the weak, the good 
to redeem and restrain the bad. 

The sum of all we have seen of the psychical consti- 
tation of man is, that its Almighty Author has destined 
it, like everything else, to be developed from inherent 
qualities, and to have a mode of action depending solely 
on its own organization. Thus the whole is complete on 
one principle. The masses of space are formed oy law ; 
iaw makes them in due time tneatres of existence for 
plants and animals ; sensation, disposition, intellect, are 
all in like manner developed and sustained in action by 
law. It is most interesting to observe into how small a 
fie^ the whole of the mysteries of nature thus ultimately 
resolve themselves. The inorganic has one final compre- 
hensive law, GRAYrrATioN*. The organic, the other 
great department of mundane things, rests in like manner 
on one law, and that is — developmext. Nor may even 
these be after all twain, but only branches <^ one still 
more comprehensive law, the expression of that unity 
which man's wit can scarcely separate from Deity itself 
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PURPOSE AND GENERAL CONDITION OP THE 
ANIMATED CREATION 

Wk have now to inquire how this view erf" the constitu- 
tion and origin of nature bears upon the condition of man 
upon the earth, and his relation to supra-mundane things. 

That enjoyment is the proper attendant of animal ex- 
istence is pressed upon us by all that we see and all we 
experience. Everywhere we perceive in the lower crea^ 
tures^ in their ordinary condition, symptoms of enjoyment. 
Their whole being is a system of needs, the supplying of 

15 
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wliieh is gratification, and of faculties, the exercise cf 
which is pleasurable. When we consult our own sensa- 
tions, we find that, even in a sense of a healthy perform- 
ance of all the functions of the animal economy, God has 
furnished us with an innocent and very high enjoymest 
The mere quiet consciousness of a healthy play of the 
mental functions, a mind at ease with itself ana all around 
it — is in like manner extremely agreeable. This nega* 
tive class of enjoyments, it may be remarked, is likely to 
be even more extensively experienced b^ the lower ani- 
mals than by man, at least in the proportion of their ab- 
solute endowments, as their mental and bodily functions 
are much less liable to derangement than ours. To find 
the world constituted on this principle is only what in 
reason we would expect. We cannot conceive that so 
vast a system could have been created for a contrary pur- 

Sose. No averagely constituted human being would, in 
is own limited sphere of action, think of producing a sim- 
ilar system upon an opposite principle. But to form so 
vast a range of being, and to make being everywhere a 
source of gratification, is conformable to our ideas oi a 
Creator in whom we are constantly discovering traits of a 
nature of which our own is but a faint and far-cast shad- 
o;w at the best. 

It appears at first difficult to reconcile with this ides 
the many miseries which we see all sentient beings, our- 
selves included, occasionally enduring. How, the sa£e 
has asked in every age, should a Being so transcendenuy 
kind have allowed of so large an admixture of evil in the 
condition of bis creatures ? Do we not at length find an 
answer to a certain extent satisfactory, in the view which 
has now been given of the constitution of nature ? We 
ttiere see the Deity operating in the most au^^t of his 
works by fixed laws, an arrangement which, it is dear, 
only admits of the main and primary results being good, 
but disregards exceptions. Now the mechanical laws are 
BO definite in their purposes, that no exceptions ever take 
place in that department ; if there is a certain quantity ci 
nebulous matter to be agglomerated, and divided, and set in 
motion as a planetary system, it will be so with hair's* 
breadth accuracy, and cannot be otherwise. But the laws 
presiding over meteorology, life, and mind, are necessarily 
less definite, as they have to produce a great variety of 
mutoally. related results. Left to act independently of 
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Mch other, each according to its separate commission, 
and each with a wide range of potentiality to be modified 
by associated conditions, they can only have effects gen- 
enlly beneficial : often there must be an interference of 
one law with Lnother, often a law will chance to operate 
in eisceM, or upon a wrong object, and thus evil will be 
produced. Thus, winds are generally useful in many 
ways, and the sea is useful as a means of communication 
between one country and another ; but the natural laws 
which produce winds are of inde^nite range of action, 
and sometimes are unusually concentrated in space or in 
time, so as to produce storms and hurricanes, by which 
much damage is done ; the sea may be by these causes 
n(dently agitated, so Uiat many barks and many lives 
perish. Here, it is evident, the evil is only exceptive 
Suppose, again, that a boy, in the course of the lively 
sports proper to his age, suffers a fall which injures his 
spine, and renders him a cripple for life. Two things 
have been concerned in the case : first, the love of violent 
exercise, and second, the law of gravitation. Both of these 
things are good in the main. In the rash enterprises and 
rou^ sports in which boys engage, they prepare their 
bodies and minds for the hard tSska of life. By gravita- 
tion, all moveable things, our own bodies included, are 
kept stable on the surface of the earth. But when it 
chances that the playful boy loses his hold, (we shall say) 
of the branch of a tree, and has no solid support imme- 
diately below, the law of gravitation unrelentingly pulls 
him to the ground, and thus he is hurt. Now it was 
not a primary object of gravitation to injure boys; but 
sravitation could not but operate in the circumstances, 
its nature being to be universal and invariable. The evil 
is, therefore, only a casual exception from something in 
the main good. 

The same explanation applies to even the most con- 
qncuous of the evils which afiiict society. War, it may 
be said, and said truly, is a tremendous example of evil, 
in the misery, hardship, waste of human life, and mis- 
•pending of human energies, which it occasions. But 
what is it that produces war? Certain tendencies of 
liuman nature, as keen assertion of a supposed right, re- 
•entment of a supposed injury, acquisitiveness, desire of 
admiration, combativeness, or mere love of excitement 
All ci these are tendencies which are every day, in a !•< 
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gitimate extent of action, producing great and indispeiw 
sable benefits to us. Man would be a tame, indolent 
unserviceable being without them, and his fate would be 
starvation. War, then, huge evil though it be, is, after 
all, but the exceptive case, a casual misdirection of pro- 
perties and powers essentially good. God has siven xm 
the tendencies for a benevolent purpose. He has only 
not laid down any absolute obstruction to our misuse ot 
them. That were an arrangement of a kind which he 
has nowhere made. But he has established many lawi 
in our nature which tend to lessen the frequency and de- 
structiveness of these abuses. Our reason comes to see 
that war is purely an evil, even to the conqueror. Be- 
nevolence interposes to maJie its ravages less mischievous 
to human comfort, and less destructive to human life 
Men begin to find that their more active powers can be 
exercised with equal gratification on legitimate objects; 
for example, in overcoming the natural difficulties of 
their path through life, or hi a generous spirit of emula* 
tion in a line of duty beneficial to themselves and their 
fellow-creatures. Thus, war at length shrinks into a 
comparatively narrow compass, though there certainlv is 
no reason to suppose that it will be at any early period^ 
if ever, altogether dispensed with, while man*s constitu- 
tion remains as it is. In considering an evil of this kind, 
we must not limit our view to our own or any past time. 
Placed upon earth with faculties prepared to act, but in- 
experienced, and with the more active propensities ne- 
cessarily in great force to suit the condition of the globe, 
man was apt to misuse his powers much in this wzy at 
first, compared with what he is likely to do when he ad- 
vances into a condition of civilization. In the scheme 
of Providence, thousands of years of frequent warfiEure, 
all the so-called glories which fill history, may be on]y 
an exception to the general rule. 

The sex-passion in like manner leads to great evils; 
but the eviia are only an exception from the vast mass oi 
^ood connected with this afifection. Providence has seen 
it necessary to make very ample provision for the pres- 
ervation and utmost possible extension of all specieSb 
The aim seems tj be to diffuse existence as wioely as 
possible, to fill up every vacant piece of space with some 
sentient being to be a vehicle of enjoyment. Hence thil 
Mssion is conferred in great force. But the rf ^ttion b§- 
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Iween the nirjiber of beings, and the means of supporting 
them, is only on the footing of general law. There may 
be occasional discrepancies between the laws operating 
for the multiplication of individuals and the laws opera- 
ting to supply them with the means of subsistence, and 
eyils will be endured in consequence, even in our own 
highly favorKl species. But against all these evils, and 
against those numberless vexations which have arisen in 
all ages from the attachment of the sexes, place the vast 
amount of happiness which is derived from that dource^* 
the basis of the whole circle of the domestic affections, 
the sweetening principle of life, the prompter of all our 
most generous feelings, and even of our most virtuous 
resolves — and every ill that can be traced to it is but as 
dust in the balance. And here, also, we must be on our 
guard against judging from what we see in the world at a 
particular era. As reason and the higher sentiments of 
man*s nature increase in force, this passion is put under 
better regulation, so as to lessen many of the evils con- 
nected with it. The civilized man is more able to give 
it due control ; his attachments are less the result o£ im- 
pulse ; he studies more the weal of his partner and off- 
spring. There are even some of the resentful feelings 
connected in early society with love, such as hatred of 
successful rivalry, and jealousy, which almost disappear 
in an advanced stage of civilization. The evils spring- 
ing, in our own species at least, from this passion may 
therefore be an exception mainly peculiar to a particular 
term of the world's progress, and which may be expected 
to decrease greatly in amount. 

With respect, again, to disease, so prolific a cause of 
aufiering to man, the human constitution is merely a 
complicated but regular process in electro-chemistry, 
which goes on well, and is a source of continual gratifi- 
cation, so long as nothing occurs to interfere with it in- 
juriously, but which is liable every moment to be de« 
ranged by various external agencies, when it becomes a 
source of pain, and, if the injury be severe, ceases to be 
capable of retaining life. It may be readily admitted 
that the evils experienced in this way are very great ; 
but, after sdl, sucn experiences are no more than occa- 
•ional, and not necessarily frequent — exceptions from a 
general rule of which the direct action is to confer hap- 
piness. The human constitution might have been made 
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of a more hardy character; but we always see hardin 
and insensibility go together, and it may be of course 
presumed that we only could have purchased this immu- 
nity from suffering at the expense of a large portion ot 
that delicacy in which lie some of our most agreeable 
sensations. Or man's faculties might have been restrict- 
ed to definiteness of action, as is greatly the case with 
those of the lower animals, and thus we should have 
been equally safe from the aberrations which lead to 
disease ; but in that event we should have been incapable 
of acting to so many different purposes as we are, and of 
the many high enjoyments which the varied action of om 
faculties places in our power : we should not, in short, 
have been human beings, but merely on a level with the 
inferior animads. Thus it appears that the very^ fine- 
ness of man's constitution, that which places him in 
such a high relation to the mundane economy, and makes 
him the vehicle of so many exquisitely delightful sen- 
sations — it is this which makes him liable to the suffer- 
ings of disease. It might be said, on the other hand, 
that the noxiousness of the agencies producing disease 
might have been diminished or extinguished; but the 
probability is, that this could not have been done withou* 
such a derangement of the whole economy of nature as 
would have been attended with more serious evils. For 
example — a large class of diseases are the result of efflu- 
via from decaying organic matter. This kind of matter 
is known to be extremely useful, when mixed with earth, 
in favoring the process of vegetation. Supposing the 
noxiousness to the human constitution done away with, 
might we not also lose that important qualify which 
tends so largely to increase the food raised from the 
ground ? Perhaps (as has been suggested) the noxious- 
ness is even a matter of special design, to induce us to 
put away decaying organic substances into the earth, 
where they are calculated to be so useful. Now man has 
reason to enable him to see that such substances are bene- 
ficial under one arrangement, and noxioas in the other 
He is, as it were, commanded to take the right method in 
dealing with it. In point of fact, men do not always 
ake this method, but allow accumulations of noxious 
matter to gather close about their dwelling, where they 
generate fevers and agues. But their doing so may ba 
regarded a» only a temporary f.xception from the open^ 
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Hon of mental laws, the general tendency of which is to 
mak i men adopt the proper measures. And these meas- 
ures will probably be in time universally adopted, so 
that one extensive class of diseases will be altogether ot 
nearly abolished. 

Another large class of diseases spring from mismanage- 
ment of our personal economy. Eating to excess, eating 
and drinking what is noxious, disregard to that cleanli- 
ness which IS necessary for the right action of the func- 
tions of the skin, want of fresh air for the supply of the 
lungs, undue, excessive, and irregular indulgence of the 
mental affections, are aill of them reco^iz^l modes of 
creating that derangement of the system in which disease 
consists. Here also it may be said that a limitation of the 
mental faculties to definite manifestations \Vidgo, in- 
■tincts) might have enabled us to avoid many of these 
eriofs; but here, again, we are met by the consideration 
that, if we had been so endowed, we should have been 
only as the lower animals are, wanting that transcend- 
ently higher character of sensation and power by which 
our enjoyments are made so much greater. In making 
the desire of food« for example, with us an indefinite men- 
tal manifestation, instead of the definite one which it is 
amongst the lower animals, the Creator has given us a 
means of deriving far greater gratifications from food (con- 
.fistently with health) than the lower animals appear to 
be capable of. He has also given us Reason to act as a 
guiding and controlling power over this and other pro 
pensities, so that they may be prevented from becoming 
causes of malady. We can see that excess is injurious, 
and are thus prompted to moderation. We can see that 
all the things which we feel inclined to take are not 
healthful, and are thus exhorted to avoid what are perni- 
cious. We can also see that a cleanly skin and a con- 
atant supply of pure air are necessary to the proper per- 
formanee d some of the most important of the organic 
{Unctions, and thus are stimulated to frequent ablution, 
and to a right ventilation of our parlors and sleeping 
apartments. And so on with the other causes of disease, 
fieason may not operate very powerfully to these pur- 
poses in an early state of society, and prodigious evils 
may therefore have been endured from disease in past 
ages ; but these are not necessarily to be endured always. 
Am civilization advances, reason requires a greater as- 
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eendency; the causes of the evils are seen and avoidecl', 
and disease shrinks into a comparatiTely narrow com^ 
pass. The experience of om* own country places thi« 
m a strikirg light. In the Middle Ages, wheit large 
towns had no police regulations^ socie^ was every oo^ 
and then scourged by pestilence. The third of the peo- 
ple of Europe are said to have been carried off by one 
epidemic. Even in London) the annual nKvtality has 

greatly sunk within a century. The improvement in 
uman life, which has taken place since the construction 
of the Northampton tables by Dr. Price, is ec^ually re- 
markable. Modern tables still show a prodigious mor- 
tality among the young in all civilized counties — evi- 
dently a result of some prevalent error in the -usual 
modes of rearing them. But t^ remedy this evil there is 
the sa^city of the human mind, and the sense to adopt 
any reformed plans which may be shown to be necessary. 
By a change in the management of an orphan institution 
m London, during the last fifty years, an immense re- 
duction in the mortality took place. We may of coarse 
hope to see measures devised and adopted for producimr 
a similar improvement of infant life throughout the woria 
at large. 

In this part of our subject, the most difficult point cer* 
tainly lies in those occurrences of disease where the 
afflicted individual has been in no degree concerned in 
bringing the visitation upon himself. Daily experience 
shows us infectious disease arising in a place wnere the 
natural laws in respect of cleanliness are neglected, and 
then spreading into regions where there is no blame oi 
this kind. We then see the innocent suffering equally 
with those who may be called the guilty. Nay, the be- 
nevolent physician who comes to succor the miserable 
beings whose error may have caused the mischief if 
sometimes seen to fall a victim to it, while many oi bis 
patients recover. We are also only too familiar with the 
transmission ot diseases from erring parents to innocent 
children, who, accordingly, suffer, and perhaps die pre- 
maturely, as it were, for the sins of others. After aU, 
however painful such cases may be in contemplation 
they cannot be regarded in any other light than as excep- 
tions from arrangements, the general worldng of which 
if beneficial. 
With regard to the innocence of the suffering partie% 
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there is one important consideration which is pressed 
upon us from many quarters, namely, that moral condi- 
tions ha ire not the least concern in the working of these 
simply physical laws. These laws proceed with an en- 
tire independence of all such conditions, and desirably 
so, for otherwise there could be no certain dependence 
placed upon them. Thus it may happen that two per- 
sons ascending a piece of scaffolding, the one a virtuous, 
the other a vicious man, the former, being the less cau- 
tious of the two, ventures upon an insecure place, falls, 
and is killed, while the other, choosing a better footing, 
remains uninjured. It is not in what we can conceive 
of the nature of things, that there should be a special 
exemption from the ordinary laws of matter to save this 
virtuous man. So it might be that, of two physicians, 
attending fever cases in a mean part of a large city, the 
one, an excellent citizen, may stand in such a position 
with respect to the beds of the patients as to catch the 
infection, of which he dies in a few days, while the other, 
a bad husband and father, and who, unlike the other, 
only attends such cases vrith selfish ends, takes care to 
be as much as possible onjt of the stream of infection, and 
accordingly escapes. In both of these cases man's sense 
of good and evil — his faculty of conscientiousness — ^would 
in<3ine him to destine the vicious man to destruction and 
save the virtuous. But the Great Ruler of Nature does not 
act on such principles. He has established laws for the 
operation of inanimate matter, which are quite unswerv- 
ing, so that when we know them we have only to act in 
a certain way with respect to them in order to obtain all 
the benefits and avoid all the evils connected with them. 
He has likewise established moral laws in our nature, 
which are equally unswerving (allowing for their wider 
range of action,) and from obedience to which unfailing 
sood is to be derived. But the two sets of laws are in- 
dependent of each other. Obedience to each gives only 
its own proper advantage, not the advantage proper to 
the other. Hence it is that virtue forms no protection 
against the evils connected with the physical laws; 
while, on the other hand, a man skilled m and attentive 
to these, but unrighteous and disregardful of his neigh- 
bor, is in like manner not protect^ by his attention to 
physical circumstances from the proper consequences oi 
■egjeot or breach of the moral laws. 
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Thm it 18 that the innocence of the party raflbring for 
the faults of a parent, or of any other person or set of 
persons, is evidently a consideration quite ttpart from that 
suffering. 

It is clear, moreover, from the whole scope of the nato 
ral laws, that the individual, as far as the present sphere 
of being is concerned, is to the Author of Nature a con- 
sideration of inferior moment Everywhere we see the 
arrangements for the species perfect; the IndiTidual is 
left, as it were, to take his chance amidst the m&(k of 
the various laws affectine him. If he be found inferi- 
orly endowed, or ill befalls him, there was at least no 
partiality against him. The system has the fairness of a 
fotter}', m which every one has the like chance of draw- 
ing a prize. 

Yet it is also to be observed that few evils are alto- 
gether unmixed. God, contemplating apparently the 
unbending action of his ^eat laws, has established others 
which appear to be designed to have a compensatiDg, a 
repairing, and a consoling effect Suppose, tor instance, 
that, from a defect in the power of development in a 
mother, her offspring is ushered into the world destitute 
of some of the most useful members, or blind, or deaf, or 
of imperfect intellect, there is ever to be found in the 
parents and other relatives, and in the surrounding public, 
a sympathy with the sufferer, which tends to make up 
for the deficiency, so that he is in the long run not mucn 
the loser. Indeed, the benevolence implanted in our na- 
ture seems to be an arrangement having for one of its 
principal objects to cause vis, bv sympathy and active aid, 
to remedy the evils unavoidably suffered by our fellow- 
creatures in the course of the opei^tion of the other nat 
ural laws. And even in the sufferer himself, it is ottn 
found that a defect in one point is made up for by an ex- 
tra power in another. The blind come to nave a seoss of 
touch much more acute than those who see. Pasoor 
born without hands have been known to acquire a power 
of using their feet for a number of the principal oflkei 
usually served by that member. I need hardly say how 
remarkably fatuity is compensated by the more than 
usual regard paid to the children bwu with it by their 
parents, and the zeal which others usually feel to pro- 
tect and succor such persons. In short, we never see 
^ril of any kind take place where there is not sons 
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remed} or compensating principle ready to interfere for 
its alleviation. And there can be no doubt that in this 
manner suffering of all kinds is very much relieved. 

We may, then, re^rd the globes of space as theatres 
designed for the residence of animated sentient beings, 
placed there with this as their first and most obvious 
purpose— namely, to be sensible of enjoyments from the 
exercise of their faculties in relation to external things. 
The faculties of the various species are very different, 
but the happiness of each depends on the harmony there 
may be between its particular faculties and its particular 
circumstances. For instance, place the small-brained 
sheep or ox in a good pasture, and it fully enjoys this 
harmony of relation ; but man, having many more facul- 
ties, cannot be thus contented. Besides having a suffi- 
ciency of food and bodily comfort, he must have enter- 
tainment for his intellect, whatever be its grade, objects 
for the domestic and social affections, objects for the sen- 
timents. He is also a progressive being, and what pleases 
him to-day may not please him to-morrow ; but in each 
case he demands a sphere of appropriate conditions in 
order to be happy. By virtue of his superior organiza- 
tion, his enjoyments are much higher and more varied 
than those of any of the lower animals ; but the very 
complexity of circumstances affecting him renders it at 
the same time unavoidable that his nature should be 
often inharmoniously placed and disagreeably affected, 
and that he should therefore be unhappy. Still, unhap- 
piness among mankind is the exception from the rule of 
theip-condition, and an exception which is capable of al- 
most infinite diminution, by virtue of the improving rea- 
son of man, and the experience which he acquires in 
working out the problems of society. 

To secure the immediate means of happiness, it would 
seem to be necessary for men first to study with all care 
the constitution of nature, and, secondly, to accommo- 
date themselves to that constitution, so as to obtain all 
the realizable advantages from acting conformably to it, 
and to avoid all likely evils from disregarding it. It will 
be of no use to sit down and expect that things are to 
operate of their own accord, or through the direction of 
a partial Deity, for our benefit ; equally so were it to ex- 
pose ourselves to palpable dangers, under the notion thait 
we shall, for some reason, have a dispensation or exemp 
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tion from them ; we must endeavor so to place ourselves 
and so to act, that the arraDgements which Providence 
has made impartially for all may be in our favor, and not 
against us ; such are the only means by which we can 
obtain ^ood and avoid evil here below. And, in doing 
this, it IS especially necessary that care be taken to avoid 
interfering with the like efforts of other men, beyond 
what may have been agreed upon by the mass as neces- 
sary for the general good. Such interferences, tending 
in any way to injure the body, property, or ]>eace of a 
neighbor, or to the injury of society in general, tend very 
much to reflect evil upon omiMlves, through the re-action 
which they produce m the feelings of our neighbor and 
of society, and also the offence which they give to our 
own conscientiousness and benevolence. On the other 
hand, when we endeavor to promote the efforts of our 
fellow- creatures to attain happiness, we produce a re- 
action of the contrary kind, the tendency of which is to- 
wards our own benefit. The one course of action tends 
to the injury, the other to the benefit of ourselves and 
others. By the one course the general design of the 
Creator towards his creatures is thwarted ; by the other 
it is favored. And thus we can readily see the most snb 
stantial grounds for regarding all moral emotions and do* 
ings as Divine in their nature, and as a means of risiDii; ir 
and communing with Grod. Obedience is not selfishness, 
which it would otherwise be — it is worship. The merest 
barbarians have a glimmering sense of this philosophy, 
and it continually shines out more and more clearly m 
the public mind as a nation advances in intelligence 
Nor are individuals alone concerned here. The same 
rule applies as between one great body or class of men 
and another, and also between nations. Thus, if one set 
of men keep others in the condition of slaves--4his being 
a gross injustice tp the subjected party, the mental mani' 
festations of that party to the masters will be such as to 
mar the comfort of their lives ; the minds of the masten 
themselves will be degraded by the association with be- 
ings so degraded ; and thus, with some immediate or ap- 
parent benefit from keeping slaves, thwe will be in a far 
greater degree an experience of evil. So also, if one 
portion of a nation, engaged in a particular department 
of industry, grasp at some advantages injurions to the 
otner sections of the people, the first efiect will be an in* 
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'vary to those other portions of the nation, and the second 
a reactive injury to the injurers, making their ^uilt their 
punishment. And so when one nation commits an ag- 
gression upon the property or rights of another, or even 
pursues towards it a sordid or ungracious policy, the 
effects are sure to be redoubled evil from the offended 

8 arty. All of these things are under laws which make 
le effects, on a large range, absolutely certain ; and an 
individual, a party, a people, can no more act unjustly 
with safety, than I could with safety place my leg in the 
track of a coming wain, or attempt to last thirty days. 
We have been constituted on the principle of only being 
able to realize happiness for ourselves when our fellow 
creatures are also happy ; we must therefore both do to ' 
others only as we would have others to do to us, and en- 
deavor to promote their happiness as well as our own, in 
order to find ourselves truly comfortable in this field of 
existence. These are words which God speaks to us as 
truly through his works, as if we heard them uttered in 
his own voice from heaven. 

It will occur to every one that the system here unfolded 
does not imply the most perfect conceivable love or regard 
on the part of the Deity towards his creatures. Consti- 
tuted as we are, feeling how vain our efforts often are to 
attain happiness or avoid calamity, and knowing that much 
evil does unavoidably befall us from no fault of ours, we 
are apt to feel that this is a dreary view of the Divine 
economy ; and before we have looked further, we might 
be tempted to say. Far rather let us cling to the idea, so 
long received, that the Deity acts continually for special 
occasions, and gives such directions to the fate of each in- 
dividual as he thinks meet ; so that, when sorrow comes 
to us, we shall have at least the consolation of believing 
that it is imposed by a Father who loves us, and who seeks 
by these means to accomplish our ultimate good. Now, 
in the first place, if this be an untrue notion of the Deit> 
and his ways, it can be of no real benefit to us ; and in 
the second, it is proper to inquire if there be necessarily ic 
the doctrine of natural law any peculiarity calculateu 
materially to affect our hitherto supposed r^ation to the 
Deity. It may be that, while we are committed to take 
our chance in a natural system of undeviating operation, 
and are left with apparent ruthlessness to endure the con- 
■eque ices of every collision into which we knowingly or 
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unknowingly come with each law of the system, there is 
a system of Mercy and Grace behind the screen of nature, 
which is to make up for all casualties endured here, and 
the very largeness of which is what makes these casual- 
ties a matter of indifference to God. For the existence of 
such a system the actual constitution of nature is itself an 
argument The reasoning may proceed thus : The system 
of nature assures us that benevolence is a leading princi- 
ple in the Divine mind. But that system is at the same 
time deficient in a means of making this benevolence of 
invariable operation. To reconcile this to the recognized 
character of the Deity, it is necessary to suppose that the 
present system is but a part of a whole, a stage in a Great 
Progress, and that the Kedress is in reserve. Anotiier 
argument here occurs — ^the economy of nature, beautifully 
arranged and vast in its extent as it is, does not satisfy 
even man's idea of what might be ; he feels that, if thu 
multiplicity of theatres for the exemplification of such 
phenomena as we see on earth were to go on forever nn- 
chan^ed, it would not be worthy of the Being capable of 
creating it. An endless monotony of human generations, 
with their humble thinkings and doings, seems an object 
beneath that august Being. But the mundane economy 
might be very well as a portion of some greater phenom- 
enon, the rest of which was yet to be evolved. It there- 
fore appears that our system, though it may at first appear 
at issue with other doctrines in esteem amongst manlund, 
tends to come into harmony with them, and even to give 
them support. I would say, in conclusion, that, even 
where the two above arguments maj fail of efiect, there 
may yet be a faith derived from this view of nature suf* 
ficient to sustain us under all sense of the imperfect hap- 
piness, the calamities, the woes, and pains of this sphere 
of being. For let us but fully and truly consider what a 
sjrstem is here laid open to view, and we cannot well 
doubt that we are in the hands of One who is both able 
and willing to do us the most entire justice. And in this 
faith we may well rest at ease, even though life should 
have been to us but a protracted disease, or though every 
hope we had built on the secular materials within our 
reach were felt to be melting from our grasp. Thinking 
of all the contingencies of this world as to be in time 
miilted inte or lost in the greater system, to which the 
present is only subsidiary, let us ^ait the end with p»> 
vence, am be of ifood cheer 
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NOTE CONCLUSORY. 

Trus ends a book, composed in solitude, and almoti 
without the cognizance of a single human being, for the 
sole purpose (or as nearly so as may be) of improving the 
knowledge of mankipd, and through that medium their 
happiness. For reasons which need not be specified, the 
author^s name is retained in its original obscurity, and, 
in all probability, will never be generally known. I do 
not expect that any word of praise which the work may 
elicit shall ever be responded to by me, or that any word 
of censure shall ever be parried or deprecated. It goes 
forth to take its chance m instant oblivion, or of a long 
and active course of usefulness in the world. Neither 
contins^ency can be of any importance to me, beyond the 
r^ret or the satisfaction which may be imparted by my 
sense of a lost or a realized benefit to my fellow-creatures. 
The book, as far as I am aware, is the first attempt to 
connect the natural sciences into a history of creaiion 
The idea is a bold one» and there are many circumstances 
of time and place to render its boldness more than usually 
conspicuous. But I believe my doctrines to be in the 
main tiue ; I believe all truth to be valuable, and its dis- 
semination a blessing. At the same time, I hold myself 
duly sensible of the common liability to error, but am 
cer^n that no error in this line has the least chance ol 
oein^ allowed to injure the public mind. Therefore I 
publish. My views, if correct, will most assuredly stand, 
and may sooner or later prove beneficial ; if otherwise, 
they will as surely pass out of notice without doing any 
harm. 

M^ sincere desire in the composition of the book was 
to nve the true view of the histoid of nature, with as 
little disturbance as possible to existing beliefs, whethei 
philoeophical or religious. I have made little reference 
to any doctrines of the latter kind which may be thought 
inconsistent with mine, because to do so would have 
been to enter upon questions for the settlement of which 
our knowledge is not yet ripe. Let the reconciliation of 
whatever is true in my views with whatever is true in 
other systems come about in the fulness of calm and 
careful inquiry. I cannot but here remind tlie reader ol 
what Dr. Wiseman has shown so strikingly in his Lee- 
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tares, how different new philosophic doctrines are apt to 
appear after we have become somewhat familiar with 
them. Geology at first seems inconsisent with the au- 
thority of the Mosaic record. A storm of unreasoning 
indignation rises a^nst its teachers. In time, its truths^ 
bein^ found quite irresistible, are admitted, and mankind 
continue to regard the Scriptures with the same respect 
as before. So also with several other sciences. Now the 
only objection that can be made on such a ground to this 
book, is, that it brings forward some new hypothesis, at 
first sight, like geology, not in perfect harmony with that 
record, and arranges all the rest into a system which par- 
takes of the same character. But may not the sacred 
text, on a liberal interpretation, or with the benefit of a 
new light reflected from nature, or derived from learn* 
ing, be shown to be as much in harmony with the novels 
ties of this volume as it has been with geology and natu- 
ral philosophy ? What is there in the laws of organic 
creation more startling to the candid theologiau than in 
the Copernican system or the natural formation of strata? 
And it the whole series of facts is true, why should we 
shrink from inferences legitimately flowing from it ? U 
it not a wiser course, since reconciliation has come in so 
many instances, still to hope for it, still to go on with our 
new truths, trusting that they also will in time be found 
harmonious with all others ? Thus we avoid the damage 
which the very appearance of an opposition to natural 
truth is calculated to inflict on any system presumed to 
require such support. Thus we give, as is meet, a re- 
spectful reception to what is revealed through tl e medium 
of nature, at the same time that we fully reserve our rev* 
erence for all we have been accustomed to hold sailed* 
not one title of which it may ultimately be found 
my to alter. 
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Wheit the work to which this may be regarded as a sap- 
plement was published, my design was not onl^ to be per- 
sonally removed from adl praise or censure which it might 
evoke, but to write no more upon the subject. I said to 
myself, Let this book go forth to be received as truth, or 
to provoke others to a controversy which may result in 
establishing or overthrowing it; but be my task now 
ended. I did not then reflect that, even though written 
by one better informed or. more skilled in argument than 
I can pretend to be, it might leave the subject in such a 
condition that the author should have to regret seeing it, 
in a great measure, misapprehended in its general scope« 
and uso so much excepted to, justly and unjusUy, on par- 
ticular points, that ordinary readers might be ready to 
suppose its whole indications disproved. Had I bethought 
me of such possible results, I might have announced, 
from the beginning, my readiness to enter upon such ex- 
pUnations of points objected to, and such re-enforcements 
of the general argument, as might promise to be service- 
able. And this would have seemed the more necessary* 
in as far as it may be expected that there are many points 
in a new and startling hypothesis which no one can be so 
well qualified to clear up and strengthen as its author. 1 
might have felt at the same time that a new adventure, 
for whatever purpose, in the same field was hazardous, 
with regard to any favorable impression previously pro- 
duced ; yet such an objection would, again, have been at 
once overruled, seeing that public favor and disfavor were 
alike beyond the r^ard of an author who bore no bodily 
shape in the eyes of his fellow-countrymen, and was 
likelf to remain forever unknown. Such reflections now 
occur to me, and I am consequently induced to take up 
the pen for the purpose of endeavoring to make good what 
is deficient, and reasserting and confirming whatever has 
been unjustly challenged in my book. In doing so, I 
■hall study to direct attention solely to fact and argument, 
or what appear as such, overlooking the uncivil ezpres 
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flions whi&h ^^^ work has drawn forth ii various quarterly 
and whicn, o^ course, can only be a discredit to theii 
authors. 

I must start with a more explicit statement of the gen- 
eral argument of the Vestiges, for this has been exten- 
sively misunderstood. The book is not primarily de- 
signed, as many have intimated in their criticisms, and as 
the title might be thought partly to imply, to establish a 
new theory respecting the origin of animated natiure ; nor 
are the chief arguments directed to that point. * The ob- 
ject is one to which the idea of an organic creation in the 
manner of natural law is only subordinate and ministra- 
tive, as likewise are the nebular hjrpothesis and the doc- 
trine of a fixed natural order in mind and morals. This 
purpose is to show that the whole revelation of the works 
of God presented to our senses and reason is a system 
based in what we are compelled, for want of a better term, 
to call LAW ; by which, however, is not meant a system 
independent or exclusive of Deity, but one which only 
proposes a certain mode of his working. The nature and 
bearing of this doctrine will be afterwards adverted to ; 
let me, meanwhile, observe, that it has long been pointed 
to by science, though hardly anywhere broadly and fiQly 
contemplated. And this was scarcely to be wondered at, 
since, while the whole physical: arrangements of the uni- 
verse were placed under law by the discoveries of Kepler 
and Newton, there was still such a mysterious conception 
of the origin of organic nature, and of the character of 
our own fitful being, that men were almost forced to make 
at least large exceptions from any proposed plan of uni- 
versal order. What makes the case now somewhat dif- 
ferent is, that of late years we have attained much addi- 
tional knowledge of nature, pointing in the same direction 
as the physic^ arrangements of the wurld. The time 
seems to have come when it is proper to enter into a re- 
examination of the whole subject, in order to ascertain 
whether, in what wi> actually know, there is most evi- 
dence in favor of an entire or a partial system of fixed 
order. When led to make this inquiry for myself, I soon 
became convinced that the idea of any exception to the 
plan of law stood upon a narrow, and constantly narrow- 
ing foundation, depending, indeed, on a few difilcultiei 
or obscurities, rather than objections, which were certaii 
•oon tc be swept away by the advancing tide of knowl 
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«9dge. It appeared, at the same time, that there was a 
want in the state of philosophy amongst us, of an impulse 
in the direction of the con8iderati'>n of this theory, so as 
to bring its difficulties the sooner to a bearing in the one 
way or the other ; and hence it was that I presumed to 
enter the field. 

My starting-point was a statement of the arrangements 
of the bodies oi space, with a hypothesis respecting the 
mode in which those arrangements had been effected. It 
is a mistake to suppose this (nebular) hypothesis essen- 
tial, as the basis of the entire system of nature developed 
in my book. That basis lies in the material laws found to 
prevail throughout the universe, which explain why the 
masses of space are globular ; why planets revolve round 
suns in elliptical orbits ; how their rates of speed are high 
in proportion to their nearness to the centre of attraction, 
and so forth. In these laws arises the first powerful pre- 
sumption that the formation and arrangements of the ce- 
lestial bodies were brought about by the Divine will, act- 
ing in the manner of a fixed order or law, instead of any 
moide which we conceive of aff more arbitrary. It is a pre- 
sumption which an enlightened mind is altogether unable 
to resist, when it sees that precisely similar effects are 
every day produced by law on a small scale, as when a 
drop of water spherifies, when the revolving hoop bulges 
out in the plane of its equator, and the sling, swung round 
in the hand, increases in speed as the string is shortened. 
The philosopher, on observing these phenomena, and find- 
ing incontestible proof that they are precisely of the same 
nature as those attending the formation and arrangement 
of worlds, learns his first great lesson — that the natural 
laws work on the minutest and the grandest scale indiffer- 
entlv ; that, in fact, there is no such thing as ^reat and 
small in nature, but world spaces are as a hairbreadth, 
and a thousand years as one day. Having thus all but 
demonstration that the spheres were formed and arranged 
by natural law, the nebular hypothesis becomes important, 
as shadowing forth the process by which matter was so 
transformed from a previous condition, but it is nothing 
more ; and, though it were utterly disproved, the evidence 
which we previously possessed that physical creation, so 
to speak, was effected by means of, or in the manner of 
Uw, would remain exactly as it was. We should onl 
be led in the dark with regard to the previous condition of 
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matter, and the steps of the process by which it acqmrerf 
its present forms. 

It would nevertheless strengthen the presumption, and, 
indeed, place it near to ascertained truths, if we were to 
obtain strong evidence for what has hitherto been called 
the nebular hypothesis. The evidence for it is sketched 
in the Vestiges : it is exhibited with ^eater clearness, and 
in elegant and impressive language, in Professor Nichol's 
Views of the Architecture of the Heavens. The position 
held by this hypothesis in the philosophical world when 
my book was written, is shown with tolerable distinct- 
ness in the Edinburgh Review for 1838, where it is spok- 
en of in the following general terms: "These views of 
the origin and destiny of the various system of worlds 
which fill the immensity of space, break upon the mind 
with all the interest of novelty, and all the brighineu of 
truth. Appealing to our imagination by their grandeur, and 
to our reason by the severe principles on which they reaU 
the mind feels as if a revelation had been vouchsafed to it 
of the past and future history of the universe.*' It may also 
be remarked, that this writer considered the hypothesis as 
** confirming, rather than opposing the Mosaic cosmogo- 
ny, whether allegorically or literally interpreted.** Witii 
this testimony to the mathematical expositions of MBL 
La Place and Comte, I rest content, as the expositions 
themselves would be unsuitable in a popular treatise. 
But the hypothesis has been favorably entertained in 
many authoritative quarters during the last few yean, 
and probably would have continued to be so, if no attemiH 
had been made to enforce by it a system of nature on the 
principle of universal order. 

The chief objection taken to the theory is, that the ex* 
istence of nebulous matter in the heavens is disproved by 
the discoveries made by the Earl of Rosse's telescope. 
By this wondrous tube, we are told, it is shown to be ** an 
unwarrantable assumption that there are in the. heavenly 
spaces any masses of matter different from solid bodies 
composing planetary systems."* The nebulae, in short, 
are said to be now shown as clusters of stars, rendered 
apparently nebulous only by the vast distance at which 
they are placed. There is often seen a greater vehemence 
and rashness in objecting to than in presenting hypo^e- 
•es, and we appear to have here an instance of sach halt^ 
• North British Review, iii, 47? 
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coonteE-generalization. The fact is, that the nebulse were 
always understood to be of two kinds : 1, nebulae which 
were only distant clusters, and which yielded, one after 
another, to the resolving powers of telescopes, as these 
powers were increased ; 2, nebulae comparatively near, 
which no increase of telescopic power affected. Two 
classes of objects wholly different were, from their partial 
resemblance, recognised by one name, and hence the con- 
fusion which has arisen upon the subject. The resolution 
of a great quantity of the first kind of nebulae by Lord 
Ro8se*s telescope was of course expected, and it is a fact, 
though in itself interesting, of no consequence to the neb 
alar hypothesis. It will be only in the event of the sec- 
ond class being also resolved, and its being thus shown 
that there is only one class of nebulae, that the hypothesis 
will suffer. Such, at least, I conclude to be the sense of 
a passage which I take leave to transfer, in an abridged 
form, from a recent edition of Professor NichoPs work 

'* I. By far the greater number of the milky streaks, or spota, 
whose places have hitherto been recorded, lie at the outermost, or 
nearly at the outermost boundary of the sphere previously reach' 
ed by oar telescopes ; and in this case there is no certain principle 
on ue ffround upon which a pure nebula can be distinguished 
from a cluster so remote that only the general or fused light of its 
myriads of constituent orbs can be seen. Sometimes — resting on 
a peculiarity of form or other characteristic — the astronomer may 
venture a guess that such an object is probably a firmament ; as, 
indeed, I was bold enough to do in former editions of this work 
with regard to several which have since been resolved ; but in 
tlie main he can tell little concerning them, or have any other 
belief than that, as with similar masses near him, a great, proba- 
biy the greater number, are true clusters, ^rand arrangements of 
stars, incredibly remote, but resembling m all things our own 
home galaxy. Now the application to such objects of a new and 
enlarged power of vision could be attended only by one result- 
magnificent, but far {torn unexpected : and it is here that the six 
feet mirror has achieved its earliest triumphs. Under its piercing 
glance, great numbers of the milky specks have unfolded their 
starry constituents ; some of these, which previously were almost 
unresolved, shining with a lustre equivalent to that of our bn^ht* 
est orbs to the naked eye. How far it will go with its resolving 
power has not yet been ascertained j but I perceive that Sir James 
South has given his authority that some spots examined by it con- 
tinne intractable. 

•• II. The influence of the new discoveries either to impair or 
■treng^hen the foundations of the nebular hypothesis, must clearly 
be looked for among their bearings on less remote and ambiguoug 
objects. Now the new aspects of these may lead us to question 
our former opinions a? to the existence of the supposed filmy self, 
himinoui masses ; or they may throw doubt on the reality of those 
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formi according to which we hare arranged fhenif and wUek 
■eem to indicate the steps of a stupendoas progress. 

" 1. Astronomers have never rested their belief in the reality 
and wide diffusion of the nebulous matter on the objects referred 
to in the first paragraph, but on others much within the range of 
our previous vision. In so far as we have hitherto nnderstood the 
nature of clusters, the telescopic power required to resolve them 
is never very much higher than that which first descries them as 
dim milky spots. But there are manv most remarkable ol^jects 
which, in this essential feature, are wholly contrasted with cla»> 
ters. For instance, the nebula in Orion, as I have fully shown in 
the text, is visible to the naked e^e, as also is the gorgeous one in 
Andromeda ; while the largest instrument heretofore turned to 
them has given no intimation that their light is steUar, bnt rather 
the contrary ; although small stars are found buried amidst their 
mass. Now, if Lord Rosse's telescope resolves these, and others 
with similar attributes, such as some of the streaks among the fol- 
lowing plates, we shall thereby be informed that we have general* 
ized too hastily from the character of known firmaments— that 
schemes of stellar being exist, infinitely more strange and varied 
than we had ventured to suppose ; and certainly we shall iheai 
hesitate in averring further concerning the existence, or at least 
the difiusion of the purely nebulous modification of matter. 

" *l. Lord Rosse's telescope may also, as I have said, disprove 
the reality of our arrangement of the forms of the nebuln as stqM 
of a progression. And in regard to this question, there seem two 
classes of objects meriting attention. 

' " First. I shall refer to the nebulous stars properly aj called, or 
to that form in which the diffused matter has reachea the conditifm 
of almost pure fixed stars. Now, of these objects there are two 
distinct sets, presenting at first to the telescope very much the 
same appearance, but in regard of which our knowledge is verv 
different It will readily be conceived that a distant cluster, wim 
strong concentration about the centre of its figure, must, to Uie 
telescope which first descries it, look like a star with a halo around* 
it. When a higher power is applied, that central star, however, 
will a{)pear as a disk, and to a still higher power the cluster will 
be revealed. A very great number of what are called nebuloos 
stars are doubtless of this class j and we have hitherto had no 
means of accurately ascertaining the fact, just because our laigest 
telescopes were required to descry them ; but there are multitudes 
of others — the true ' photospheres '—quite of a different drscrip' 
tion. Many of these are easily seen as fixed stars with haloes of 
different sizes diminishing to the mere ' bur ;' and under the great* 
est power as yet applied, the apparent central star never expands 
into a disk, or departs from the stellar character. It is by its dfeet 
on these that the new instrument will at all bear on this portkmot 
the nebular hypothesis. 

" Secondly. The foregoing bein^ our grounds of belief in the 
existence of nebulas — first, in a diflused or chaotic state, and again 
in a condition proximate to pure stars ; the only remaining point 
has reference to nebulas in an intermediate state — when the 
roundish masses seem to have begun a process of organization or 
concentration, and carried it onwards through several stages ; • 
state to which we have every variety of asuogon in the rvmtt 
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Urnna and densitiea of cometic nuclei. Sir William Henchel cer* 
taioly wai not ignorant that round or spherical clusters abound in 
the skies, which, when first seen, present all the appearances ol 
auch nebultt — nay, he grounded on the fact of their approximate 
sphericity and varying degrees of concentration some of the 
boldest and most engrossing of his conjectures j nor would he 
hare doubted that multitudes which, even to his instruments, 
teemed only general lights, would, in after times, be resolved ; but 
here, as b^ore, Vxe gist of the question is not, can you resolve 
round nebuln never resolved before ; but can you resolve such as, 
quite within the range of former vision, have continued intracta- 
ble under the scrutiny of powers which, judging from the aver 
^e of our experience, must surpass what ought to have resolved 
them? 

'* Such are my views as to the present condition of this impor> 
tant question ', and if the^ are correct, it will appear that, not- 
withstanding the resolutions achieved by the new instruments, 
they are, as yet, quite as likely — ^by accumulating new objects 
belonging to the three foregoing classes, and by more surely and 
diatinctiy establishing their characteristic features—to strengthen, 
as to invalidate the grounds of the nebular hypothesis. Eagerly, 
tmt patiently, let us watch the approaching revelations." 

Various minor objections haye been presented to the 
nebular hypothesis ; but, before adverting to any of them, 
I may give a brief abstract of certain recent experiment^, 
by which it has been remarkably illustrated. Here it is 
peculiarly important to bear in mind that the phenomena 
of nature are, if I may so speak, indifferent to the scale 
on which they act. The dew-drop is, in physics, the 
picture of a world. Remembering this, we are prepared. 
In some measure to hear of a Belgian professor imitating 
the supposed formation and arrangement of a solar sys- 
tem, in some of its most essential particulars, on the table 
of a lecture-room ! The experiments were first con- 
ducted by Professor Plateau of Ghent, and afterwards re- 
peated by our own Dr. Faraday. 

The following abstract of Professor Plateau's experi- 
ments is also presented in the fifth edition of the Vestiges. 
Its being repeated here is, that it may meet the eyes of 
many who are not likely to see any edition of that woik 
Desides those from which it is absent : 

Placing a mixture of water and alcohol in a glass box, 
and therein a small (quantity of olive oil, of density pre- 
oiielj equad to the mixture, we have in the latter a liquid 
mass relieved from the operation of gravity, and free to 
take the exterior form given by the forces which may act 
upon it. In point of fact, the oil instantly takes a globu 
kur form by virtue of molecular attraction. A yertica« 
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axis being introduced through the box, VTith a small diA 
upon it, so arranged that its centre is coincident with the 
centre of the globe of oil, we turn the axis at a slow rate, 
and thus set the oil sphere into rotation. **We then 
presently see the sphere ^af^«n at its poles and stoeU out 
at its equator, and we thus realize, on a small scale, an 
effect which is admitted to have taken place in the plan- 
ets.*' The spherifying forces are of different natures, 
that of molecular attraction in the case of the oil, and of 
universal attraction in that of the planet, but the results 
are " analogous, if not identical." Quickening the ro- 
^tion makes the figure more oblately spheroidal. When 
it comes to be so quick as two or three turns in a second, 
<* the liquid sphere first takes rapidly its maximum of 
flattening, then becomes hollow above and below, around 
the axis of rotation, stretching out continually in a hori- 
zontal direction, and finally, abandoning the disk, is traru- 
formed into a perfectly regfdar ring," ^ At first this re- 
mains connected with the disk by a thin pellicle of oil ; 
but on the disk being stopped this breaks and disappears, 
and the ring becomes completely disengaged. Tne only 
observable difference between the latter and the ring of 
Saturn is, that it is rounded, instead of being flattened i 
but this is accounted for in a satisfactory way. 

A little after the stoppage of the rotatory motion of the 
disk, the ring of oil, losing its own motion, gathers once 
more into a sphere. If, however, a smaller disk be used, 
and its rotation continued after the separation of the rin^ 
rotatory motion and centrifugal force will be generated m 
the alcoholic fluid, and the oil ring, thus prevented from 
returning into the globular form, divides itself into **mo- 
eral isolated masses, each of which immediately takes Ae 
globitlar form.^* These are ** almost always seen to as- 
sume, at ihe instant of their formation, a movement oftih 
tation upon themselves — a movement which constantly 
takes place in the same direction as that of the ring. 
Moreover, as the ring, at the instant of its rupture, had 
still a remainder of velocity, the spheres to which it has 
given birth tend to fly off at a tangent ; but as, on the 
other side, the disk, turning in the alcoholic liquor, haf 
impressed on this a movement of rotation, the spheref 
are especially carried along by this last movement, and 
revolve for some time round the disk Those which re- 
volve at the same time upon themselves, consequently, 
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ShsD. present the curious spectacle of planets revolving 
mt the same time on themselves and in their vrbitn. Fi- 
nally, another very curious effect is also manifested in 
these circumstances : besides three or four large spheres 
into which the ring revolves itself, there are almost ad- 
ways produced one or two very small ones, which may 
thus be compared to satellites. The experiment which 
we have thus described presents, as we see, an image in 
miniature of the formation of the planets, according to 
the hypothesis of Laplace, by the rupture of the cosmical 
rings attributable to the condensation of the solar atmo- 
sphere."* 

Such illustrations certainly tend to take from the nebu- 
lar cosmogony the character of a "splendid vision,** 
which one of my critics has applied to it. I may here 
also remind the reader that there are other grounds for 
this hypothesis, besides observations on the nebulae. 
Overlooking the zodiacal light, which has been thought 
A residuum oi the nebulous fluid of our system, we find 
geology taking us back towards a state of our globe which 
cannot otherwise be explained. It was clearly at one 
time in a stateof igneous fluidity — the state in which its 
oblately spheroidal form was assumed under the law of 
centrifugal force. Since then it has cooled, at least in 
the exterior crust We thus have it passing through a 
chemical process attended by diminishing heat. Whence 
the heat at first, if not from the causes indicated in the 
nebiidar hypothesis? But this is not all. In looking 
back along the steps of such a process, we have no limii 
imposed. There is nothing to call for our stopping till 
we reach one of those extreme temperatures which would 
raporize the solid materials ; and this gives us exactly 
Aiat condition of things which is implied by the nebular 
coomogony. 

Of parocular objections it is not necessary to say much. 
That toere should be difficulties attending such a hypothe* 
•is is only to be expected ; but where general evidence is 
10 strong, we should certainly be scrupulous about allow- 
ing them too much weight. It is represented, for in^ 
itance, that the matter of the solaf system could not, iu 
my conceivable gaseous form, fill the space comprehend- 

* Dr. Plateau on the Phenomena presented by a free Liquid 
JSmbs withdrawn from the action of gravity.— Taylor'i Scientifie 
November, 1844. 

17 



SIO BZPULNiLTIOm 

ed by the orbit of Uranus.. If this be the case, let it bi ' 
allowed as a difficulty. It is painted out that the planets 
do not increase regularly in density from the outermost 
to the innermost. Their sizes are also not in a regular 
progression, though the largest, generally speaking, are 
towards the exterior of the system. It was not, pernaps, 
to be expected that such giadations should be otMerved ; 
but grant there was some reason to look for them, their 
absence constitutes only another and a 8light>difficulty. 
Then we know no law to determine the particular '* stages 
at which rings are formed and detached." Be it so — 
although something of the kind there douotless is, as the 
distances of the planets, according to Bode's law, observe 
a geometrical series of which the ratio of increase is 2. 
From these objections, which cannot now be answered, 
let us pass to some which can. 

It has been said that a confluence of atoms towards a 
central point, as presumed by the nebular hjrpothesis, 
would result, not in a rotation, but in a state of rest* 
According to the JVarth BHtith Review — ** . . . Suppos- 
ing the uniformly distributed atoms to agglomerate round 
their ringleader, the space left 6/anik by the slow advance 
of the atoms in radial lines convei]gin^ to the nucleus 
must be a ring bounded by concentric circles, the outer 
most circle being the limit of the nebulous matter not 
drawn to the centre of the nascent sun. Now as all the 
forces which act upon the a^lomerating partidea^ 
whether they proceed from the circumference of the un- 
disturbed nebulous matter, or from the gradually increas- 
ing nucleus, must have their resultants in the radial 
lines above mentioned — there can be no cause whatever 
capable of giving a rotatory motion to the mass. It must 
remain at rest" 

Now there can be no doubt that a confluence proceed- 
ing precisely to a centre has this result ; but this is only 
an abstract truth, not an exact and absolute descriptioa oif 
any actual confluence of the kind. The explanation was 
afibrded by Professor Nichol, long before the objection 
was started, and it could not be given in better language 
on the present occasion : ** When we reflect on 'the sour 
nebula in the act of condensing, it appears that the ad 
consists in a flow or rush of the nebulous joatter &om all 

•?lflrth BiiUdi Bevtew, No. 6 Atlas Newt|»«|»er. An%,»,m^ 
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Mm lowuds a central re|;i(m ; which is yirtually eqaiTa* 
lent, m a mechanical point of view, to what we witness 
so frequently, both on a small and large scale — the meet- 
ing and intermingling of opposite c;entle cnrrenti of water 
Now what do we find on occasion of such a meeting ? 
HerschePs keen glance lighted at once on this simple 
phenomenon, and drew from it the secret of one of the 
most fertile processes of Nature ! At almost no cau do 
Mtreama meet and intermingle, taithout otceuionine, 
where they intermin^^, a dimple or whirlpool j and, tn 
fact, it it oarely posnble that sueh a /low of matter from 
opposite sides could be so nicely balanced in any case 
that the opposite momenta or floods would neutralize 
each other, and produce a condition of central rest. In 
this circumstance, then — in the whirlpool to be expected 
where the nebulous floods meet — is the obscure and sim- 
ple germ of rotatory movement. • The very act of the 
condensation of the gaseous matter as it flows towards a 
central district, almost necessitates the commencement 
of a process, which, though slow and vague at first, has, 
it will be found, the inherent power of reaching a perfect 
and definite condition . . .*** 

The exception presented by the satellites of Uranus to 
the otherwise uniform orbitual movements of the plane- 
tary bodies, is broueht forward as a startling difficulty.! 
It is, in reality, only a trifling objection, seeing that so 
many other movements follow one rule, and that we may 
any day be able to fix upon a cause for this exception^ 
perfectly in harmony with all the associated facts. There 
was once a similar difficulty in geology — strata uppermost 
where they ought to have been lowermost; but it was in 
time cleared. Geologists found that there had been a fold- 
ing over of the strata, so as to reverse their proper and 
original positions. May we not rest in hope that a similar 
exception in astronomy may find a similar solution ? I 
have thrown out the hint of a possible bouleversement of 
the whole of that planet's system : it has been scofied at; 
but it is only the supposition of a greater degree of ob- 
liquity in the inclination of the axis of the planet to the 
plane of its orbit than what we find in several others. 
The same causes which made the inclination of the axis 

• Viewg of th« Arehiteeturt of the Hoavtai. FizBt cdittea, WT 
t Bdiabnrf li Aeviow, No l«8, p. 34. 
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of Venus towards her orbit 75 degrees, may bare tariMiC 
that of Uranus a little further along, and so reversed the 
positirn of his poles. The admitted inclination c^ the 
axis of Uranus towards the plane of his orbit is 79 de* 
grees, the greatest found in any of the planets. This implies 
only the necessity for an increase of inclination to th^ 
extent of 22 degrees, or about one-fourth of the quadT'<n:, 
in order to account for the surmised reverse arrangement. 
Nor are causes for such a phenomenon far to seek In the 
revolution of the presumed nebular mass, thert. would 
be great undulations, as I venture to say there would be 
found in any similar body which we might set into a 
similar rotatory motion. Such I esteem as the causes of 
the departure of the planetar^r axis from the vertical. A 
curve in the outermost portion, amountine to f» fold- 
like the curl of a high wave — would cause the botdeveru- 
nunt of Uranus, an4 the consequent (apparent) retro 
gression of his satellites. 

It appears, then, that, overlooking a few minor unex 
plained difficulties, the objections to the nebular hypoth- 
esis are not formidable to it. It approaches the region oi 
ascertained truths, and may reasonably be held a.<» a strong 
corroboration of what first appears from the material laws 
of the universe, that the whole Uranographical arrange- 
ments were effected in the manner of natural law. It is^ 
however, altogether a mistake to regard this conclusion, 
as far as it is one, as equivalent to a superseding of Deity 
in the history of creation. It proposes nothing beyond a 
view of the mode in which the Divine wili has been 
pleased to act, in this first and most important of its worl». 
The formation of w(N*lds and their arrangement now ap- 
pear but as steps in a Historical Irogress^ for matter is ne- 
cessarily presumed to have existed before in a different 
form. By what means and under what circumstances crea- 
tion, in the true sense of the word, took place — ^that b, how 
existence was given to the matter which we suppose to 
have been capable of such evolutions — no one can as yet 
tell ; we only are sure, if any trust can be placed in the 
laws of our minds, that it had a Cause, or an Author. 
Leaving such an inquiry as one in which we haire not at 
present ^ound for a single step, it is surely a great 

gatification that we can at least trace the operations d 
e Great First Cause, from a condition of matter anteri- 
or to its present forms, and leani with certainty that tbets 



Bperations were in no way arbitrary or cainricious^ that they 
were not single and detached phenomena, but the result 
at* principles flowing from the Eternal and Immutable, 
and which prevailed over all the realms of Infinity at once 

We have fixed mechanical laws at one end of the sys- 
tem of nature. If we turn to the mind and morals of 
man, we find that we have equally fixed laws at the other. 
The human being, a mystery considered as an individual, 
becomes a simple natural phenomenon when taken in the 
mass, for a regularity is observed in every peculiarity of 
our constitution and every form of thought and deed of 
which we are capable, when we only extend our view 
over a sufficiently wide range. It is to M. Quetelet, of 
Brussels, that we are indebted for the first satisfactory 
explication of this great truth ; it is presented in his well- 
known and very able treatise, Sur VHomnu^ et le DSve- 
iop^ement de hs Fhetdtis. He first shows the regularity 
which presides over the births and deaths of a commu- 
nity, liable to be affected in some degree by accidental 
circumstances, but fixed a^ain when these are uniform. 
He then makes it clear that the stature, weight, strength, 
and other physical peculiarities of men are likewise reg- 
ulated by fixed principles of nature. Afterwards, the 
moral qualities — the impulses of all our various sentiments 
and passions — even the tendency to yield to those temp- 
tations which give birth to crime — are proved to be of no 
less determinate character, however impossible it may be 
to predict the conduct of any single person. These are 
doctrines not to be resisted by inconsiderate prejudices 
They rest on the most powerful of all evidence, that of 
numbers. If they appear to take from the personal re- 
sponsibility of individuals, it is merely an appearance, for 
tne doctrine immediately steps forward to show that laws, 
education, and moral influences of every kind exercise an 
equally determinate control over men ; so that the need 
for their being called into use becomes even more palpa- 
ble than before. We are not, however, required at this 
moment to argue respecting the bearing which this doc- 
trine may have upon human interests. What we are at 
present eoneerned with is the simple fact, that Morals— 
that part of the system of things which seemed least un- 
der natural regulation or law — is as thoroughly ascertained 
to be wholly so, as the arrangements of the heavenly bodies 
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Now we hare here two most remarkable truths. Tb« 
wondrous ma&ses which people the Mighty Void ace 
under the control of natural law. The workings of the 
little world yf the human mind — the opposite eitreme of 
the system — are under law likewise. We have thus the 
character of the limits of the system fixed. So in we 
proceed upon solid ground. Now it has been seen that 
phenomena precisely the same as the formation and ar- 
rangement of worlds take place daily before our eyes, 
under the influence of the laws of matter, showing that 
the whole cosmogony might have been effected — prorii^, 
indeed, that it toas effected — ^by the Divine will acting in 
that manner. Having attained this point, we are caued 
upon to remember the many appearances of unity in na- 
ture ; how, when we take a sufficiently wi9e view, there 
is nothing discrepant and exceptive in it ; how a noble 
and affecting simplicity breathes from it in every part 
So reflecting, we ask, " Can it be that, as the first and 
the last parts of the system are under law, and the first 
(this being also the greatest) was manifestly created in 
that manner, so the whole is under law, and has been pro- 
duced in that manner ? " It is at the moment when we 
have arrived at this question, that the origin of the organic 
world becomes a point of importance. The skeptic of 
science steps in, and says, '* No ; the idea of an entire 
system under law, and produced by it, here breaks down, 
for who can pretend to penetrate the mvsteries of vitality 
and orsanizatioB ? and who can say thaC species h^ve bad 
other tnan a miraculous origin ? " The tone in which 
this objection is usually made seems to me inappropriate, 
considering that the objectors stand on a mere fragment 
of nature, and one which the discoveries of scienee are 
every day lessening. It is but in a nook, to which light 
has not yet penetrated, that the opponents of the theorv 
of universal order take refuge. On coming to the con« 
sideration of the question, I am at the very first struck by 
the great d priori unlikelihood that there can have been 
two modes of Divine working in the history of nature* 
namely, a system of fixed order or law in the formation 
ot globes, and a system in any degree different in the 
peopling of these globes with plants and animals. Laws 
govern both: we are left no room to doubt thp.t laws 
were the immediate means of making the first ; is it 
to be leadily admitted that laws did lot preside at 
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the creation of the second . also, particularly irheii 
we find that laws equally at this moment govern and 
sustain both ? Most undoubtedly, it would require very 
powerful evidence to justify such an admission. And, 
on the other hand, it would require very decisive coun- 
ter-evidence to forbid the conclusion that the organic 
creation originated in law. How actually stands the ev- 
idence on either side ? . Simply thus : that no actual 
evidence has ever yet been offered to prove that the Di- 
vine wiU acted otherwise than in the usual natural order 
in the organic creation ; while, on the other hand, geology 
and physiology exhibit lively vestiges or traces of that 
mode having actually been followed. On this narrow 
ground, it appears, is the great question to be debated. 
If the opponents of the hypothesis of an organic creation 
by law can bring, from these or any other sciences, facts 
which appear as powerful objections to any such conclu- 
sion, then it must, at the very least, be held in suspense. 
If, a^ain, the other party can show these sciences as pre- 
senting far more argument for a law creation of organisms 
than against it, the nypothesis must be admitted to have 
the advantage. I have so presented these sciences ; the 
evidence has been disputed, and some obscure points 
have been largely insisted upon in objection. It is now 
my duty to enter into the consideration of these objections, 
and see if they are really of the importance which has been 
attributed to them. ^ 

Fifty years a^o science possessed no facts regarding the 
origin of organic creatures upon earth ; as far as knowl- 
edge acquired through the ordinary means was con- 
eerned, all was a blank antecedent to the first chapters 
of what we usually call ancient history. Within that 
time, by researches in the crust of the earth, we have 
obtained a bold outline of the history of the globe, during 
what appears to have been a vast chronology intervening 
between its formation and the appearance of the human 
race upon its surface. It is shown, on powerful evi- 
dence, that during this time strata of various thickness 
were deposited in seas, each in succession being com- 
posed of matters worn away from the previous rocks ; 
Tolcanic agency broke up the strata, and projected chains 
cf mountains ; sea and land repeatedly changed condi* 
tions ; in short, the whole of the arrangements which we 
•CO prevailing in the earth's crust to^k place, and that 
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most andoubtedly under the influence of natural lawi 
which we yet see continually operating The remains 
and traces of plants and animals found in the succession 
of strata, show that, while these operations were going 
on, the earth gradually became the theatre of organic 
being, simple forms appearing first, and more complica- 
ted afterwards. A time when thttre wtu no life is first 
seen. We then see life begin, and go oh ; but whole 
ages elapsed before man came to crown the work of na- 
ture. This is a wonderful revelation to have come upon 
the men of our time, and one which the philosophers of 
the days of Newton could never have expected to be 
vouchsafed. The great fact established by it is, that the 
organic creation, as we now see it, was not pla^^ed upon 
the earth at once ; — it observed a progress. Now we 
can imagine the Deity calling a young plant or animal 
into existence instantaneously ; but we see that he does 
not usually do so. The young plant and also the young 
animal go through a series of conditions, advancing them 
from a mere germ to the fully developed repetition of 
the respective parental forms. So, also, we can imagine 
Divine power evoking a whole creation into being by 
one word ; but we find that such had not been his mode 
of working in that instance, for geolo^ fully proves that 
organic creation passed through a series of stages before 
the highest vegetable and animal forms appeareid. Here 
we have the first hint of organic creation having arisen 
in the manner of natural order. The analogy does not 
prove identity of causes, but it surely points very broadly 
to natural order or law having been the mode of proce> 
dure in both instances. 

But the question is. Does geology really show such a 
progress of beins ? This has been denied in some quar- 
ters, and particularly in the elaborate criticism upon the 
Festigest which appeared in the Edinburgh Review,* 
In reality, the whole of the geologists admit that we 
have first the remains of invertebrated animals ; then 
with these, Jish^ being the lowest of the vertebratbd; 
next, reptiles and birds, which occupy higher grades; 
and, finally, along with the rest, mammifers^ the highest 
of all ; and yet controversialists will be found gravel} 
telling their readers, ** It is not true that only the iowesl 
forms of animal life are found in the lowest f(«sil bandit 

July, 1845. 
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■nd that the more complicated structares are gradaally 
developed among the higher bands, in what we mri^ht 
call a natural ascending scale ;"* the pretext for giving 
this unqualified contradiction to the above grand fact be- 
ing, that when we take the special groups of animals, as 
the invertebrata, the fishes, the reptiles, &c., there are 
some real or apparent grounds for denyine that the low 
forms of these groups came before the higher. The fal- 
lacy consists in sinking the great broad palpable facts of 
the case, about which not the least doubt anywhere ex- 
ists, and giving prominence to certain facts of far inferior 
magnitude, and comparatively obtcure, but in whose ob- 
scurity there is a possibility of creating a kind of diver- 
sion. I trust to be able to show that, even in the spe- 
cial groups of fossils, there is no real obstacle to the 
theory of a gradual natural development of life upon our 
planet. 

The view which the Edinburgh critic gives of the ear- 
liest stratified rocks is much the same as my own account 
of them. There is a Hypozoic formation, or series, de- 
void of remains of plants and animals; then a formation 
(Lower Siltirian) called in my early editions the Cla;^- 
slate and Grawacke system, in which we find ** no ani- 
mals of the higher classes, with a regular skeleton and a 
backbone ;" only corals, encrinites, crustaceans, and mol- 
lusks. '* Veeetable appearances," he says, ** do not ap 
pear among the Britisn rocks ; but there must have been 
a mass of vegetable life in the ancient sea, as no fauna 
can appear without a flora to uphold it" This last in- 
ference is of little immediate consequence ; but I may 
remark, that it coincides with one which I ventured to 
make, prompted thereto by some of the recent papers of 
Mr. Murchison. We here see it sanctioned by a writer 
who is understood to be a distinguished investigator of the 
lowest fossiliferous beds. It is from no wish to amuse 
the reader, but merely as a pleading in behalf of several 
ci the alleged geological misstatements in iny book, that 
I bring forward another distinguished reviewer of the 
Vestiges of Creation, {North British Review, No. 6,) 
taxing me with having been driven to make this very 
0urmise as an escape from a difficulty ! More than this : 
the North British Reviewer is at odds with his Edinburgh 
•n^er, in bringing bones and teeth of fish into the finl 

• ** Edinburgh Review ' 
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fo8siliferou9 formation , grounding the statement tip«i 
Sir Henry de la Beche's Manual, published about eleven 
years ago, and contrasting vvith it, in a foot-note, my re- 
mark, " Neither fishes nor any higher vertebraU as yet 
roamed through the marine wilds." The fact is, that this 
last critic — understood to be a very eminent philosophical 
writer, was not aware that, since the publication of De 
la Beche's Manual, the lower fossiliferous rocks had been 
divided into several distinct formations, in the lowest ol 
which, it is flilly admitted, there are no vertebrata. 
More than this still : a body called the Literary and Philo- 
sophical Society of Liverpool had brought before them 
(January, 1845) a set of letters which one of their mem- 
bers had drawn with reference to my book from several 
of the chief geologists of the day. We there find Mr. 
Lyell stating upon nearsay that I represented fish begin- 
ning in the coal, and Mr. Murchison speaking of me as 
teginning with zoophytes and polypiaria alone ; statements, 
I need hardly say, conveying the most erroneous impres- 
sions regarding the book. This, however, is not the im- 
mediate point. The two gentlemen here named will be 
allowed to stand in the very first rank as geologists. They 
are able men, of marvellous industry, and unimpeached 
zeal for science. These men, nevertheless, in the corre- 
spondence to which I am pointing, ^ive entirely opposite 
views of the first fossiliferous formation. Mr. Murchison 
says, " No trace of a vertebrated animal has been found 
in the lower Silurian rocks." Mr. Lyell says, «* The fact 
that, with the earliest type of organization, we meet with 
vertebrated animals, true fish, so far from being explained 
away since I affirmed it in my book, is confirmed and ex- 
tended by fresh evidence." The very latest affirmation 
we have on thb point from Mr. Murchison — an affirma- 
tion made after examining Silurian rocks in Russia, where 
they are presented in vast extent— contains these words : 
** The absence of even the lowest of the vertebrata in the 
inferior Silurian rocks — an absence whieh ia total, so far 
as can be inferred from the researches of geolo^sts in all 
parts of the world — gives them a true Protozoic chanc* 
fer.'** These extracts speak for themselves. The onlj 
thing calling for further remark is the surprising circum* 
stance of this correspondence having been brought befon 

^ Abstract of a paper by Mr. Murchison, Report of Britiib As 
iooiation of 1844, page 64. 
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• learned society as wholly and nothing else but a con- 
demnation of the Vestiges /* 

A leading objection, with regard to the first fossiliferoQs 
formation (Lower Silurian) is, that it does not solely pre- 
sent animals of the lowest sub-kingdom, as corals and 
enennites, but also examples of the two next higher sub- 
kingdoms, the articulata and mollusca, some of the latter 
bein^ of the highest order, the cephalopods. The latter 
particular is what is chiefly insisted upon. 

At the time when I wrote, it was understood that the 
highest orders of mollusca were not found in the first foe- 
■iliferous rocks. Professor Phillips, in 1839 ( Treatise oti 
Creologyf) said, expressly, with regard to what was then 
calleathe Clay-slate and Grawacke sjrstem, ** No gastero- 
pods or cephalopods are as yet mentioned in these rocks 
m Britain ; and we do not feel sufficiently acquainted 
with the<geological age of the limestones of the Hartz to 
introduce any of the fossils of that argillaceous ran^e ol 
mountains.'* So much as a justification of the view given 
of the Clay-slate fossils in my first edition. Since then, 
this formation, as it exists in England, has been found to 
contain gasteropods and cephalopods, though not of such 
high forms as afterwards appeared. I might here repeat 
what was remarked in the later editions of the Vestiges, 
^ Even though the cephalopoda could be shown as per- 
vading all the lowest fossiliferous strata, what more would 
the TOt denote than that, in the first seas capable of con- 
^ning an^ kind of animal life, the creative energy ad- 
vanced it, in the space of one formation (no one can tell 
how long a time this might be,) to the highest forms pos- 
sible in that element, excepting such as were of verte- 
brate structure." I mi^ht add, that tiiis was no j^eat 
advance in comparison with the whole line of the animal 
kingdom, if we may take as a criterion on this point the 
analogous progress of an embryo of the highest animals, 
as the portion of that progress representing the organiza- 
tion of the invertebratcd animals is orUy the first mofith, 
I might here also revert to the book for some views with 
respect to the space required for such a development. 
According to the plan of animated nature, to which I 
have made approacnes in the later editions, we have not 

* S«e Examination uf the theory contained in Veatices of the 
Natvral History of Creation. By the Rev. A. Uame. LiYerpo<»l, 
Whitby. 184A. 
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to accoani for the development of one long line, bat of 
many comparatively short ones. And, as I have also re- 
marked, there is a rapidity of generation amongst the 
lower animals which may well snggest something like 
that " rush of life," which, if we were to judge from 
British strata alone, would seem to have taken place in 
the early seas. But, fortunately, none of these specu- 
lative answers to the objection are required ; for the ques- 
tion first arises. Does the lowest band of the English 
Lower Silurians indicate, beyond all question, the point 
of time at which animal life commenced upon our planet ? 
Are we quite sure that cephalopoda were among the first 
of all earth's living creatures ? Far from it. It has 
only been ascertained that certain comparatively small 
cephalopods are found as far down as any other animali 
of inferior organization at certain spots in Wales and 
Cumberland. When we remember that, in modern seas, 
certain kinds of isuch animals haunt special places salt- 
able for their subsistence — that we may have Crustacea 
and mollusks exclusively at one place, and radiata^af 
corals and zoophytes) at some other, not perhaps fstr dis- 
tant, but different with respect to depth or some other 
circumstance — we can conceive that cephalopods may 
occur in the first fossil bands in the places which have 
been examined in England, and yet remains of inferior 
animals may be found by themselves on the same or a 
lower level in some as yet unexplored place not far off; 
so that a time-interval may there appear to allow for a 
progressive development. Such seems but a reasonably 
cautious surmise, when we are told by a hi^h authorihr 
that there are ** detached Silurian districts m England, 
presenting particular changes and modifications, arising 
from difference df depth, and the variety of currents, ana 
chemical combinations in the seas in which they were 
formed;'* and that, **in consequence of this variety of 
physical condition, there is a corresponding dwtrtiUy in 
the traces of organic life in each ntuation.*** What, 
however, places the matter beyond doubt is, . that in 
North America, where the early stratified rocks are even 
more amply developed than with us, the highest inv^- 
tebrated forms do not appear at the/int. In the earliest 
ascertained fossiliferous strata, the Potsdam Sandstone, 

*PTofiu8or nuilips, Brtuh Atsociatioii, 18M. AthcnaiuH 
B«9ort 



LOWXa •n.URXAH WOSBILB. 99. 

Ike only fossils are lingula (a brachiopoious mol ask) 
tnd fucoids. In the next, the Calciferous Sandrocl, are 
fucoidal layers, encrinital beds, and the brachiopods, 
orthis, lingula, and bellerophon, together with ortho- 
ceratsL, these being the firti examples of the cephalopoda 
And in all these cases the fossils are few and obscure ; 
iSiey comprise no Crustacea, It is not till we ascend to a 
fourth fossiliferous series, Trenton Limestone, that fossils 
become abundant, or that trilobites appear. Perhaps 
even this is not the most decisively adverse view which 
oould be derived from the American fossils, for lately 
there have been found, in the Green Mountains of Ver- 
mcnt, strata which, from their metamorphic character, 
%:^ believed by some native geologists to be inferior and 
a* course anterior to the Silurians, and these contain 
tra ^es of fucoids and of vermiform bodies called Nereites, 
the last being an humble form of articulata. If this be 
true, it would at least add materially to the grounds for 
hesitation before pronouncing definitely, as the Edin- 
burgh reviewer has done, on the commencement of fos- 
■ilirorotts strata and the nature of the first fossils. Here 
we must also remember, that in rocks of the elder conti- 
nent anterior to the Silurians, there are limestones, held 
by many to be an indication of organic life at the places 
where they are found: the .chemical experiments of 
Braconnot upon masses of these earlier rocks gave am- 
moniacal and combustible products, likewise indicative 
of the presence of organic matter: in the same'sub- 
•ilarian region, *' fragments, apparently organic, and 
resembling cases of infusoria," have been detected,* and 
in Bohemia actual fossils have been announced. Even 
dubious traces of life in sub-silurian rocks must be ad- 
mitted to be of importance, when we consider that they 
hmve mostly been subjected to such a degree of heat as 
could not fail to obliterate organic memorials, seeing that 
it has even changed the texture of the rocks themselves. 
From what Mr. Lyellsaw of the Silurian rocks in Ameri- 
ca, he finds himself called upon, in the most emphatic 
manner, to warn geologists against ** the hasty assump' 
Hon, thai in any of tkete uctions we have pxitivdy ar- 
rived at the lowest stratum containing organic rematau 
tft the crust of the earth, or have discovered thejirst Uvmg 
^ ' whid were embedded in sediment." 

« Anated-a a«ology, iL, 60l 



** A geologist,** he taj8» ** whose obsemlioiit had hess 
confin^ to Swizerland, might imagine that the coal meas- 
ures were the most ancient of me fossiliferous series. 
When he extended his investigations to Scotland, he might 
modify his views so far as to snppose that the Old Red 
Sandstone marked the beginning of the rocks charged 
with organic remains. He might, indeed, after a search 
of many years, admit that here and there some few and 
faint traces of fossils had been found in still older slatet 
in Scotland; bat he might naturally cohdude that all 
pre-existing fossiliferous formations mast be very insignifi- 
cant, since no pebbles containing organic remains nave 
yet been detected in the conglomerates of the Old Red 
Sandstone. Great would be the surprise of such a theo- 
rist when he learned that in other parts of Europe, and still 
more particularly in North America, a great successioo 
of antecedent strata had been discovered, c^>able, accord- 
ing to some of the ablest palaeontologiflts, of constituting 
no less than three independent iroups, each of them ai 
important as the * Old Red' or Devonian system, and ai 
distinguishable from each other by their organic remaini. 
Yet it would be consistent with methods of generaliz- 
ing not uncommon on such subjecti, if he still took fsr 
granted that in the lowest of these ' Transition* or Silurian 
rocks he had at length arrived at the much-wished-for ter- 
mination of the fossiliferous series, and that Nature had be- 
^n^her work precisely at the point where his retrospect 
happened then to terminate."* 

It is exactly to such theorizers as the Edinburgh review- 
er that his rebuke is applicable. When he asserts the 
contemporaneousness of the highest mollusks with the 
origin of organic life, he says — ** We are describing pheno- 
mena that we have seen. We have spent years oi active 
life among these ancient strata — ^looking for (and we might 
say longing for) some arrangement of the ancient fosiilf 
which mi^t fall in with our preconceived notions of a 
natural ascending scale. But we looked in vain, and we 
were weak enough to bow to nature." The weakotfi 
consiited in looking only in one little portion of the earth, 
and believing it to be a criterion for all the rest Thii 
writer seems yet to have to learn that knowled^ is to be 
acquired by communication as well as examination. Wars 
sl philosopher (lupposing there could be such a being) t« 
• Travels ia North America, ii., Ml. 
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limit hii view of mankind to juvenile schools, he might 
with equal rationality deny that there is any such thing in 
the world as infants in arms. <* We speak of what we 
have seen»'* he might say, " and finding no specimens of 
humanity under three feet high, we are weak enough to 
bow to nature and believe that babes are a mere fancy.** 
Even taking the English Lower Silurians as he and 
others would have them taken, it still appears that these 
rocks denote, generally, a low state of the animal kingdom. 
It is customary for those who take opposite views to speak 
of the creatures of this period as high — ** highly-organizec. 
Crustacea and mollusca'* is the usual phrase. Some, in- 
cluding the Upper Silurians in their view, tell us that the 
first formation presents examples of the whole of the great 
divisions, the fish being held as representing the verte- 
brata. Of course this is only done through ignorance, or 
for the i>urpose of deceiving. Where particulars are over- 
looked, it is still customary to speak of the earliest fauna 
as one of an elevated kind. When rigidly examined, it 
is not found to be so. In the first place, it contains no 
fish. There were seas supporting crustacean and moUus- 
ean life, but utterly devout of a claaa of tenants who 
§eem able to live m every example of that element tohieh 
witpfiortt meaner creatures. This single fact, that only 
invertebrated animals now lived, is surely in itself a 
strong proof that, in the course of nature, time was ne- 
cessary for the creation of the superior creatures. And, 
if so, it undoubtedly is a powerful evidence of such a 
theory of development as tnat which I have presented. 
If not so, let me near any equally plausible reason for the 
great and amazing fact that seas were for numberless a^ 
destitute of fish. I fix my opponents down to the consid- 
eration of this fact, so that no diversion respecting high 
moUusks shall avail them. But this is not all. The Si- 
lurian is an age, as were several subsequent ones, of only 
marine animals. It is now incontestible, from a few 
land-plants found in the Silurians of America, and a fern 
leaf in our own, that there was dry land ; yet no trace of 
a land animal appears for ages afterwards. Moreover; 
though we have now a pretty full development of tho 
first sub- kingdom, Radiata, we have but an imperfect ono 
of the two next — namely, the Articulata and Mollusca. 
Not to speak of the utter absence of fresh water and land 
moUusks, and of such land articulata aff nsectt and spi 



194 BXPItAHAT 

den, we do not find any decapedonscrastacea (crabs, te.,) 
thon^ these coald have lived wherever other moUnska 
and cmstacea could. In fact, it is a scanty ac.d most de« 
fective development of life ; so much so, that Mr. Lyell 
calls it, par excellence, the Age of Brachiopoda, witk 
reference to the by no means exalted bivalve shell-fish 
which forms its predomiaant class. Snch being the ac- 
tual state of the case, I must persist in describing even 
the fauna of this age, which we now know was not the 
first, as, generally speaking, such an humble coEhibition 
of the animal kingdom as we might expect, upon the de- 
velopment theory, to find at an early stage of the history 
of organization.* 

We now come to the Upper SilvriafUt where new q>e- 
cies of invertebrated animals appear, besides a few ob- 
scure fishes. There is no appearance, according to the 
Bklinbureh reviewer, of a transition from the former spe- 
cies to the present but does he know the sig^ by which 
such a transition could be detected ? I am aware of none. 
He says the new species are sharply defined, that is, 
strongly distinct ; and so they may be, without any preja- 
dice to the transmutation theory — as far, at least, as I un- 
derstand it And here he remarks that there are the 
same difficulties in the way of this theory, <* both in the 

* Objectors to the development theory have, in ttie eagerness Oi 
coanter*theorizing, committed themselves on the subject of the 
Bilurain fossils, in a way which they will yet feel to be extremely 
awkward. The North BritUk Rtview we have seen placing even 
fishes in the first fossiliferoos rocks, grounding this statement upon 
an authority which has been antiquated for fully eurht years— t 
vast period in the history of geology. The Brituk QiMrterly £•• 
vitw is equally unfortunate. " The Author's theory," says this 
writer, " requires that these animals should be the lowest in the 
scale. But no argument can convert a fiskt with its back-b<Niai 
and hiffhly -developed nervous and muscular systems, into an aa* 
imal of low organization." (!) The dogmatic allegations of ths 
Edinburgh reviewer on this point are sufficiently exposed in ths 
text. I nave only further to express my surprise at finding Dr 
Whewell participating in the mere ignorance of the first two of 
the above>mentioned Journals. In the preface to a volume whkA 
he has recently pubushed, under the title of InUcaUoru of (At 
CVeafor, he meets my arguments with a crude and incorrect view 
of the fossil history, commencing with this sentence — '* Yertebrsts 
animals do exist in the Silurian rocks, from which the assextsd 
law [that of development] excludes them." The existence of a 
non-pisciferous formation had been unknown to him. Many of 
the objections made to the development theory, in obsoonr qat^ 
tors, rest on errors of a similar kind. 
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t^Toai tDKoreach separate ayatem.und in the passage Ircm 
onesjslero to another; and ihat is true, whatever part of 
>he ascending geological serieg we choose to lake between 
the lowest farmatioas and the highest." As he does not 
state the nalare of the difficnllies, I cannot underlijte to 
say what argument or what reconstruction or my system 
may l>e necessary tg meet them. Till we are more clear, 
however, regarding the actual affinities of animals, I 
would Bjppose that any judgmentas to difficulties in their 

iping in geological forniations, or saccesaion in dif- 

dt formations, might well be given somewhat less 
dogmatically than they are by ihis writer. 

The few tish-retnains of the Upper Silurians may be 
associated with the ample development of this class in the 
next (iJnioniun or Old Red Sandstone) system. They 
belong to Agassiz'B two orders of placoids f these by them~ 
selves in the Upper Silurians) and ganoids, the former of 
which are represented by our sharks and rays, the lattm 
by tha bony pike of America and tlie polypterus of the 
Nile. Such are the only fishes found till we come up to 
the chalk formation, when the nDW-predomioanl ordeta 
of cycloids and ctenoids begin." The Edinburgh reviewer 
makes a strong point of the placoid and ganoid orders, ai 
unfavorable to the progressive theory. " Taking into ac- 
count," he says, " the brain, and the whole nervous, cir- 
CulalSng, and generative ayatem, the placoids stand at Ihe 
highest point of a natural ascending scale, and theganoids 
are also very highly organized." Of cerlain families of 
the first order, found in the Old Red Sandstone of Russia, 
he says, " Let the reader beat in mind that these Gshea 
■re among the very highest types of their class, and Ihat 
we can reason upon them with certainty, because sorae 

" Hvsnl Miv Dtenoldi. which hail bten found only in th? tattia- 
niferoai lyeleni, ha.o iKiiii diicD.erod among Uifi fl>hM ^^aflRb■ 
by Mr. MaccliiiDS fnim the Old Red SanililanE or Kniila. Ho- 
loIvedtainakEaiK bX pailtisn, (he nalhor B»eTU.''bc. Thliii 
H imldckj vonlii™ in oppoiltion, Th* crllio nvEdEnlly lannl <l 

■n oUiiaDi fiihsl. Ths hcl il, Ihll Ihn finbri brought hOmB bf 
Ur. Manhlioii are not of lb« clEnniil onlei. but belans to > plu- 
ealdanfarnilrcatledCli^nDdui. The nliUkiM made bfthii writer, 
in iba geologleal part of hii Bapcr. an ot ■ vBry grava kind, v*l 
onlj nchtu many man nficIentlOc emlneDce mavheeipeclaitta 
DBka when thef icntura am ni thilr D«n pecnuu' denannaot, 
and iwhlr undrreitimata (ha alnnglh of ths arEDinonti to — ■-■-^ 
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of them belong to fan. dies now living in our seas." H« 
instances a cestraceon — a high kind of placoid — recently 
found in the Wenlock limestone, a low portion itf the 
Upper Silurians, and therefore near the beginning of fish 
Some of the ganoids, also, of the Old Red Sandstone 
make an approach to a higher class — reptilia. Besides 
the usual row of fish- teeth, they have an inner range, in 
which we see the form of those organs among the sauria. 
It appears, in short, according to this writer, that the fur- 
ther back we go among the fishes, we find them possessed 
of the higher characters. Of the real character of all this 
hardy assertion I shall enable the reader to judge. The 
fishes of this early age, and of all other ages previous to 
the chalk, are for the most part cartilaginous. The car- 
tilaginous fishes — Chondropterigii oi Cuvier — are placed 
by that naturalist as a second series in his descending 
scale ; being, however, he says, " in some measure pat' 
allel to the ^rat'* How far this is different from their 
being the highest types of the fish class, need not oe 
largely insisted on. Linnaeus, again, was so impre^ed by 
the low characters of many of this order, that he actually 
ranked them with the worms.* Some of the cartilagiBois 
fishes, nevertheless, have certain peculiar features of or- 
ganization, chiefly connected with reproduction, in which 
they excel other fish ; but such features are partly par- 
taken of by families in inferior sub-kingdoms, showing 
that they cannot truly be regarded as marks of grade in 
their own class. When we look to the great fundamental 
characters, particularly to the framework for the attach- 
ment of the muscles, what do we find ? — why, that of 
these placoids — " the highest types ot their class ! " — it 
is barely possible to establish their being vertebrata atall* 
the back-bone having generally been too slight for preser- 
vation, although the vertebral columns of later foB^' 
fishes are as entire as those of any other animals. To 
many of them traces can be observed of the muscles hav- 
ing been attached to the external plates, strikingly indi- 
cating their low grade as vertebrate animals. The Edin* 
bur^h reviewer's ** highest types of their class •• are, in 
reality, a separate series of that class — ^generally inferior, 

*Dr. Fletcher places the Chondropterigii lowest in a imI* 
which takes as its criterion " an increase tn the number and extent 
•I the manifestations of life, or of the reJutioos whioh an mgtft 
lied being bean to the extemU world." 
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taking the leading fcaturea of organ i:ta.tioti of stmetiire as a 
crileTian ; but, when details of organization are regacited, 
ttretching furlber both dawnnard asd npvraid than the 
other eeriea ; ao that, looking at one extremity, we ore aa 
mnch entitled to call them the lowest, as the rcvicner, 
looking at another GXtremity, is t<i call them the highest 
of their clasa. Of the geneial inleiiorjty there can be no 
room for doubt. Their cartilagiooiis structure ia, in the 
first place, aaalogoua to the embryalic state of vertebrated 
(ntmals in genera!.* The maxillary and intermasillar} 
booea are in them rudimental. Their tales are finned on 
the under side only, an admitted feature of the salmon ia 
an embryotic stage ; and the month is placed on (he under 
aide of the head, also a mean and embryotic Ibature 
of stracture. These characters ore eascntiaL and im- 
porlaot, whatever the Edinburgh teviower may say to 
the contrary ; they ore the characters, which, above all, 
I am chielly concerned in looking to, for they are fea- 
tures of embryotic prepress, and embryotic pri^ess is 
the grand key to (he theory of development. I there- 
fore throw back to my reviewer the charge that I have 
"clung to feeble analogies," and " kept out of view the 
broad and speaking faclH of nature." 

With regard to the alleged falsity of the crustacean 
character of some of these fishes, and the discredit of re- 
peating the blunders and jesses made by the fir^I ob- 
•ervers, ttefore any good evidence was before them, I can 
only say that, at the time when my book was written, 

EBologiils and Inquirers into fossil ichthyology of the 
ighest cbaracler were writing, publicly and privately, 
of the cephalaepia and coccosteua as apparently links 
between the Crustacea and fiah, the vortical mouth of the 
Utter animal being pulicularly cited as a feature indi- 
cating the intermediate character. In what the reviewer 
calls " the excellent work of our meritorious self-taught 
countryman," Mr. Hugh Miller, published in 1S4I, the 
■ppareiitly crustaceaD character of these fishes is re- 
peatedly rEfcrred to.f Not having access at the time to 

faUci^ OfUTal Phy'ialag), p. ST. 

gephilupii, or huuklec-liead, a A4h ot tha fannjUoii ovar ihat In 
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the work of Agassiz, I deemed myself safe tn trcntln^ to 
the report of this industrious inquirer and ingenioui 
writer, whose volume was then newly published. How 
recent the contradiction of the once-supposed affinity 
may be, or what faith to place in it, I know not ; but the 
reader will probably hold one who only pretends, in this 
instance, to the character of a general writer, excused, 
when he shows so distinguished an expositor of phyi- 
iology as Dr. Carpenter still more recently countenan- 
cing the idea : — " The bodies of fishes,** says he, •* are 
usually covered with scales or plates, which have some- 
times a bony hardness, and which, in some species of 
fish that do not now exist alive, appear to have been of 
the density of enamel. Thus we have a sort of transition 
to the external skeletons of the invertebrated animals ; 
and in this class, also, we not unfrequently find the in- 
ternal skeleton so deficient in the stony matter from 
which bone derives its hardness, that it seems like car- 
tilage or gristle ; and in a few of the lowest species, we 
do not even find a distinct vertebral column ; so that the 
change of character from the vertebrated to the inverte- 
brated series is a gradual, and not an abrupt one, and 
would probably be found still more gradual, if we were 
acquainted, not only with all the forms of animal life 
which now exist, but also those which have existed in 
ages long gone by, and are now extinct.'* 

The above argument relates to the general fact of the 
first fishes being placoidean. It is necessary, also, to 
meet the inquiry why there should be no fossil remaioi 
indicating a transition from the lower animals to fish. 
The reviewer speaks of a recently discovered cestraceon 
below any other fish-beds in England. ** Such," he ex- 
claims, " are nature*s first abortive efforts.** " We en- 
treat,*' he adds, " any good naturalist well to consider 
such facts as these, and tell us whether they do not 
utterly demolish every attempt to derive such organic 
structures from any inferior class of animal life found in 

is more elongated, but both possess the crescent-shaped head, and 
Doth the angular and apparently Jointed body. They illustrate ad* 
mirably how two distinct orders may meet They exhibit the 
joints, if I may so speak, at which the plated fish is linked to th« 
shelled crustacean. Now the cpccosteus is a stage further on ; it 
is more unequivocally a fish ; it is a cephalaspis.with a scale-covered 
tail attached to the angular body, and the horns of the orescent 
shaped head cat off."— OM Rtd Smnditotu, p. 64. 
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the older strata ?" Now I cannot tell what good natural- 
ifts may say in answer to this appeal ; but I feel, iof my 
own part, that the facts in question — as far as they can 
be admitted to be so— have no such destructive effect. 

In the first place, the cestraceon is only one of Ihose 
eartilagines, the real character of which had just been 
explained. It is not the lowest of its order, bat neither 
is it the highest. So far from this being the case, the 
respiration of the whole family (Selacii, Cuv. ; Plagios- 
tomi, JDetm.) to which it belongs, and which also includes 
iharks, is performed in. a manner which approximates 
these fishes to the worms and insects — namely, *' by 
numerous vesicles called internal gills, the entrance to 
which is from their gullet, while the exit is in general 
3y corresponding apertures on the side of their neck ^ " * 
)ther fishes having free gills, marking a higher or^aniza- 
don. The sub-divided form of the stomach — the absence 
^ that concentration, which is, perhaps, the most em- 
phatic mark of animal advancement — ^belongs to this 
tamily alone amongst fishes, as it does to the lowest fami- 
lies of several of the higher orders of the vertebrata. 
Thus, the cestraceon is, on many considerations, a low 
fish, though certainly possessing some traits of superior 
character, and not the lowest of its order. In the second 
place, I would protest against any inference unfavorable 
to the hypothesis of development being drawn from a 
iiscovery so new, so isolated, and in a branch of inquiry 
10 extremely unsettled. At no time during the last ten 
(rears have we had, for a twelvemonth at once, stable 
news respecting the initiation of fishes. Lately — so 
lately that part of my book was vn*itten at the time — the 
lowest were understood to be some of a minute size, im- 
mediately over the Aymestry limestone, in the Upper 
Siluiiana.t Now we have a cestraceon announced to us 
it a lower point in that formation. But how far it is 
likely that our information is to rest at this point the 
reader may judge, when he hears of M. Agassiz an- 
Qouncing, within the last few months, that, though ac- 
quainted with seventeen hundred species of fossil fishes, 

• Fletcher's Physiology, part i., p. 20. 

t •* The minute and curious fishes in the uppermost bed of the 
Ludlow rock are the earliett preeunort of many sinrular ichthy* 
elites which succeed in that enormous formation tne Old Red 
landstone."— MurcAtson's Jlddreit to th* QtologietU Seokity, Feb 
niary, lS43i 
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Via regards the history of the class as so far from comp^ete^ 
that the number of species successively entombed in th« 
crust of the globe might be estimated at thirty thousand, 
without any chance of approaching the truth ' * If such 
be the case, we may surely expect to hear of other fishes 
prior to or contemporary with the cestraceon, showing 
that, humble as that animal was, it is not to be regarded 
as the initial of its class.f But even although simpler 
fishes be not found in lower or contemporary strata, this 
may only be owing, like the non-discovery of vegetation 
in the early rocks, to the unsuitableness of these fishes 
for being preserved. Supposing the inferior tribes, petro- 
myzonids (lampreys) to have been then in existence, we 
should have no trace of them preserved, because of their 
osteological structure bein^ slight, and their wanting 
those teeth and spines which form, after all, the chief 
memorials of the higher families of their own order. 

One word more as to these fishes. The critic says (p. 
33,) it is shown to demonstration in the Poissona FittsUet 
of Agassiz, that " the sauroids, in their general osseous 
structure, and in the development of their nobler organs, 
run close upon the class of reptiles." There is no doubt 
that the sauroid fishes partake of reptilian characters^ 
though, perhaps, in a more external and less important 
way than such writers as the Edinburgh reviewer sup- 
pose ; but, be it remembered, the sauroids are not the first 
fishes. There is not one of them in the Silurian forma 
tion, where placoideans appear to begin. Yet I do not, 
for this reason, suppose that the sauroids arc^e from pla- 
coideans. More probably, they are part of a distinct line 
of development, which had inferior forms in its first 
stages, also of too slis^ht a structure to be preserved. 

Following this reviewer into his discussion of the Car- 
boniferous System, we find him commencing with a 
taunt, that there are now traces of land vegetation in 

* Review of Professor Pictet*8 Traite Elementaire de Pftlaoiito 
logie, translated in Jameson's Journal from the Biblioth&que Uni> 
▼erselle de Geneve, No. 113, 1845. 

t Such shifts are of frequent occurrence in geologj. Insects, 
formerly found first in the oolitic formation, are now taken back 
lo the carboniferous. Birds are now inferred from foot'traoks in 
the New Red Sandstone, their first place formerly being in the 
oolite. We have mammifers in the oolite, which, a few years ago. 
were believed not to occur before the tertiary. None of these 
shifts, however, in the least interfere with the genend fiact of the 
advance from the lower to the higher classes ofanimals. 
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orlier formations. This is, in reality, a point of no im- 
portance for the development theory. The question 
IS, with what kind of plants did land vesetation begin 1 
The anxiety of the reviewer to force a verdict in his favor 
is here strongly shown. " What," he says, " are these 
first fruits of nature's vegetable germs ? Are they rude, 
ill-fashioned forms ? Far otherwise. We find among 
them palms and tree-ferns, &c." In this passage, which 
substantially conveys the same information as my book, 
there is an evident design of inducing the belief that 
the first land vegetation was of a high character. The 
rigid truth is, that though this was a " grand" in the 
sense of a luxuriant vegetation, it was composed, as far 
as positive evidence goes, almost wholly of plants which 
stand low in the scale of organization. The ascertained 
dicotyledons (plants having double-lobed seeds and an 
exterior growth) are extremely rare. On this point, I 
cannot do better than quote the laborious youftg Profes- 
sor of King's College — ** The plants which have hitherto 
been described [in the carboniferous formation] belong 
either to the acotyledonous class, as the ferns, or to the 
monocotyledons, and, on the whole, they constitute the 
timpUst forms of vegetation ; but there have also been 
met with among co^ plants unquestionable evidences of 
dicotyledonous structure, and a genus has been formed 
under the name of Pinites, to include a number of speci- 
mens of fossil wood, &c."* To the undoubted evidence 
of Mr. Ansted may be added that of his more eminent 
contemporary, Mr. Lyell, whose sense of the botanical 
character of this age is such that he emphatically calls it 
the Age ofUms.i It is evident, then, taking the land- 
scape of this era as the first, that it is of a nature to har- 
monize with the development theory, for its chief forms 
are humble, and only a few are of higher grade, most of 
these, too, being of an intermediate character between 
ihe low and the high. I am reminded, however, in 
other quarters of certain experiments of Dr. Lindley, 
•bowing that the plants chiefly found in the coal are of 
the kinds which best resist decomposition in water; 
whence it is inferred that many trees of a high class may 
aave existed a( that time, but perished in the sea, while 
ireaknr vegetation survived. This evidence would be 

* Ansted'8 Oeology, 1844. 
t T^vels in North Ameiica, U., 53 
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negative at the best; and it says as much for the non* 

S reservation of mosses and other humble plants as fd 
icotyledons. It has also been remarked that, consider^ 
ing such facts as the disappearance of equisetum hyemale 
in water, a plant containing an unusual quantity of silex, 
" the proportion of fossil plants in each formation must 
depend on other circumstances besides their power of re- 
sisting decomposition."* " Too much importance has,** 
in the opinion of the author of this observation, " been 
attached to Dr. Lindley's experiments." 

The British Quarterly Review says — **The author 
admits there were dicotyledons among these plants, and 
does not see that, however few they may be, it entirely 
upsets the theory of progressive advance, especially in the 
absence of any proof as to whether they were created 
first or last." This proceeds, as do many similar objec 
cions, upon the idea that a formation represents one point 
in time. A formation, in reality, represents many years, 
or rather ages. Such expressions as that simple, and 
complex plants occur together in the carboniferous for- 
mation, or even (shall we say) in its first fossil bands, are 
iPjague expressions, perhaps conveying an idea substan- 
tially false. There is no such precision in the ascertain- 
ed relations o^ fossils to particular strata, as to entitle any 
one to say that the simple and complex plants of this for- 
mation are rigidly contemporaneous. They may have 
followed each other within the space of half a century in 
a particular region, attd yet been preserved in but ont 
ttratunit or little group of strata. The actual appear- 
ances of the carboniferous formation thus, perhaps, allow 
full time for a progressive advance in particular regions, 
from the fleshy luxuriant plants of the marsh and low 
sea margin to the robust tree of the more elevated re- 
gions. We must remember, too, that the vegetation oi 
the carbonigenous era, even if we take it back to include 
the confer said to have lately been found in the Old Red 
of Cromarty, or the fern leaf of the Silurians, was pre- 
ceded by unequivocally simple plants in the fucoids. 
Starting with these, and finding the first great burst 0/ 
land vegetation composed mainly of low cryptogamic ami 
monocotyledonous plants, — finding, moreover, the ex- 
ceptions chiefly of the intermediate character, and that 

* Mr. C. J. Banbary, at the British AMociation, 1845 ; Ath«n» 
mm*M Report. 
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ht dicotyledons increase afterwards while the others de- 
eline, — we cannot well resist the conclusion, that we 
«ee the traces of a progress in the history of this king- 
dom of nature. It may be less clear than we could wish ; 
but such light as we have certainly tKWOts the develop- 
ment theory. 

We now come to the Magnestan Limestone deposit, 
latterly called the Permian System. At this place, the 
Edinburgh reviewer introduces some general observa- 
tions, which I hope he will yet acknowledge to be unjust, 
as I am sure the whole of his substantive charges are. 
«« It may be true," he says, " that sea-weeds came first, 
but of this we have no proof.** How a good geologist 
can have allowed himself to speak in this manner, even 
in eagerness to theorize against theory, I am quite at a 
loss to understand, for the positive facts of the occurrence 
of fucoids in the Lower Silurians, and of the very first 
traces of land vegetation in subsequent formations, are as 
palpable and undoubted as he himself acknowledges the 
precedence of fish by invertebrata to be ; nor has any one 
ever pretended to expect that land vegetation would be 
found earlier than the marine. I have here ventured no 
conjecture of my own, but only spoken as all the ^eolo 
gical books teach. " Of land plants," he continues, 
** we have not the shadow of proof that the simpler forms 
came into being before the more complex.*' The reader 
has just been told upon undoubted authority that, in the 
first great show of land vegetation, taking such positive 
evidence as we have, the simple forms are vastly more 
numerous than the complex. Finding that we have first 
ample marine vegetation, then a land vegetation in which 
the plants, with only a small exception, are cellular and 
cryptogamic, while of the exception a very small number 
are dicotyledonous, and a conspicuous group (ihe conifers) 
intermediate — I feel that I am entitled to say that positive 
evidence speaks for a precedence of high but simple forms ; 
which is what I have done. '* It is true," thus proceeds the 
reviewer, *' that we see polypi aria, crinoidea, articulata, 
and mollusca ; but it is not true that we meet with them 
in the order stated by our author.'* It is humiliating to 
have to answer an objection so mean. There is no state- 
ment that the animals came in this order. I have only 
gut the words into this arrangement, in accordance with 
16 custom now commonly followed of otoerving th« 
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ascending grades of the animal kingdom. * With respect, 
then, to what follows — ** The sentence on which we here 
comment contains three distinct propositions, and all 
three are false to nature, and no better than a dream,"> 
I believe I may safely leave the reader to say which party 
is the falsifier and the dreamer. He goes on in the same 
strain-^" It is true that the next step gives us fishes ; but 
it is not true that the earliest fishes link on to the radiata: 
this is 3 grand and, at the present day, an unpardonable 
blunder.** This is another dream of the reviewer, for 
certainly such an affinity was not suggested in any edition 
of the y'estiges hitherto published. In the first four edi- 
tions, which alone were under his notice, no passage ez« 
cept from the articulata was even hinted at. So much 
as a proof of the reviewer's recklessness in making 
charges ; there is no need, however, to affirm, with him, 
that a connection between certain high radiates and some 
of the lowest fishes does not exist. I venture to predict 
that affinities of an equally startling nature will yet be 
made familiar to naturalists. Meanwhile, it is enough to 
show that this cenfident critic has raised an accusation for 
which he has not a shadow of ground. 

Taking up the special fossils of the Permian system, 
he says, ** The earliest reptiles are not of such a structure 
as to link themselves, on a natural scale, to the noble 
sauroids of the preceiding carboniferous epoch." They 
are not the marine saurians, or fish lizards (ichthyosauri) 
which occur in a higher formation, but lacertilians, oi 
animals of lizard-like character. Now what first strikes 
me here is the extraordinary narrowness of a mind which 
sees nothing indicative of natural procedure, no hint 
towards great generalizations, in the simple fact of rep- 
tiles following upon fish in this grand march of life 
through the mornmg time of the world. He knows that, 
in every classification of the animal kingdom, reptiles 
rank next above fish, that in some living families there is 
such a convention and intermixture of both characters, 
that naturalists cannot aCTee to which class they shoold 
be assigned. He actually sees, in a general view of the 
earlier reptiliferous formations, animals combining the 
fish and reptile in the most unequivocal mannnr. De^ 
•pi sing, however, the great fact which shines through 
these obscurities this persm, and I am sorry to add, ged- 
^ists generally, ^an only 'asten upon such pait.^culars at 
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y»,y be made out to be difficulties in tbe way of general- 
izaMon. Passing to the particulars, a few land lacertilians 
come first, whereas the first, according to my hypothesis, 
ought to be marine forms, and linked to fish. He says 
cf this difficulty, that I ha^e stated it feebly. Perhaps it 
would have been well for his own credit that he had stated 
it somewhat less confidently ; for before his sheets had 
seen the light, a prospect had arisen of his affirmations on 
this point being thoroughly falsified. In Silliman*s 
Journal, for April, 1845, is an account of sandstone sur- 
faces pretty far down in the Carboniferous formation of 
Pennsylvania, marked with the vestiges of terrestrial ani- 
mals. Setting aside, in the meantime, one class of these 
markings, which are said to indicate wading birds, we 
have a variety of others plainly denoting reptiles. In 
one group, the foot consists of a ball, with five toes radi- 
ating from it in front. In another, the impression resem- 
blcB that made by a coarse human hand, with the rudiment 
of a sixth toe at the outside. The reptilian families in- 
dicated by these foot-marks have not yet been pronounced 
upon, as far as I am aware ; but from the extreme resem- 
Dlance of some of them to the vestiged of the labyrinth- 
idon, there can hardly be a doubt that some of the order 
batrachia are amongst them. If they prove wholly 
batrachian, as is not unlikely, for we have living families 
with feet resembling the first group of vestiges, or even 
if only a portion of them be certified as of this order, 
where will be the lacertilians, and where Uie confident 
counter-assertions of the Edinburgh reviewer? Theba 
trachia he has himself allowed to be a low order of rep 
tiles (p. 51.) They are so considered by all naturalists. 
Might I not here, then, take my stand upon the fact of an- 
imals, the lowest apparently of the reptile order, being now 
found at the earliest point of time ? I might unquestion- 
ably do so with a decided immediate advantage to my hy- 
pothesis. It would in a great measure neutralize the 
whole of the objections of the reviewer with regard to 
the chronology of the reptiles. But I am, whatever he 
may think of me, willing to read the book of nature aright 
I receive the fact as one liable any day to receive a new 
aspect from fresh discoveries^ In as far as it is so, it only 
teaches that we are not to be too confident in drawing in- 
ferences either for or against the theory of development 
from the particular succession in which the orders of the 
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repttlia occur in those early strata where their rematfu 
2nd vestigen are few. In as far as it may be taken as a 
positive fact, I only claim a modified benefit from it, be 
cause the view which I take of the affinities and connec 
tions of the animal kingdom (and by analogy of the vege« 
table kingdom also) makes it a matter of less consequence 
than would be generally supposed, which order of any 
class appears first in the stone record, though still per- 
haps a matter of aotne consequence. 

This view suggests that development has not pro- 
ceeded, as is usually assumed, upon a single line which 
would require all the orders of animals to be placed one 
after another, but in a plurality of lines in vshich the 
orders, and even minuter subdivisions of each class, are 
ranged side by side. It also suggests that the develop- 
ment of these various lines has proceeded independently 
in various regions of the earth, so as to lead to forms not 
everywhere so like as to fall within our ideas of specific 
character, but generally, or in some more vague degree, 
alike. The progress of the lines becomes clearest when 
we advance into the vertebrate sub-kingdom. We can 
there trace several of them with toleraSle distinctness, 
as they singly pass through the four classes of Fishes, 
Reptiles, Birds, and Mammals ; the Birds, however, 
bein^ a branch in some part derived equally with the 
reptiles from fishes, and thus leaving some of the mam- 
mal order in immediate connection with the reptiles. 
The lines or stirpes have all of them peculiar characters 
which persist throughout the various grades of being 
passed tn rough, one presenting carnivorous, another gen- 
tle aiwl innocent animals, and so on. We have, there- 
fore, in the animal kingdom, not one long range of af- 
finities, but a number of short series, in each of which 
a certaun general character is observable, thoueh not 
always to the exclusion of the organic peculiarities of 
families in neighboring lines, especially in the <da8S of 
reptiles. 

According to this view, the matrix of organic life is, 
■peaking generally, the sea. Fluid, required for all em- 
Dryotic conditions, is also necessary to the origination <A 
the various stirpes of both kingdoms. The whole of the 
lowest animal sub-kingdom (Radiata) is aquatic; scare 
nearly the Mollusca and a very large proportion of the 
Articulata. In the Vertebrata, the lowest class also ii 
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whci.y aquatic. The arrangement appears to be this^ 
the basis of each line is a series of marine forms ; the 
remainder consists of a series designed to breathe the 
atmosphere and live upon land, these bein^ all of im- 
proved organization. The classification which this sys- 
tem implies may be said to be transverse to all ordinary 
classifications. The invertebrate, ichthyic, reptilian, or- 
nithoid, and mammalian characters are horizontal grades, 
through which the lines pass, and where they send o^ 
branchej; not separate and independent divisions. In 
any of these branches where we have a clear knowledge 
of the various forms, it is possible to trace the affinities, 
in conjunction with an improved organization, through 
genera which are adapted to a partially marine life, to a 
residence in the mouths of rivers, or on shores and muddy 
shallows, then through genera which are, in succession, 
appropriate to marshes, jungles, dry elevated plains, and 
mountains. And it is this series of external conditions 
and adaptations which has caused that system of analo- 
gies between various families of animals which has of 
late attracted attention. But the immediate cause of the 
development of each line through its various general 
grades of being is to be sought in an internal impulse, 
the nature of which is unknown to us, but which re- 
sembles the equally mysterious impulse by which an in- 
dividual embr^^o is passed through its succession of grades 
until ushered into mature existence. Geology shows us 
each line taking a long series of a^es to advance from 
its humble invertebrate effluents to its highest mamma- 
lian forms ; and this I have ventured to call " the uni- 
versal gestation of Nature." 

The traces of this order of the animal kingdom have 
been seen in all ages of science. Every zoologist ac- 
knowledges the gradations and affinities which appear 
amongst animals. Prompted by what so palpably meets 
observation, many have tried to range the various orders 
or families in one line, or (to use the favorite phrase) 
ehain of being ; but they have alvays failed, which is 
not to be wondered at One cause why zoolo^sts have 
not up to this time thoug;ht of trying any different ar- 
rangement, is the confusion arising from prevalence 
amongst many families of parallelisms of structure, 
which have been regarded as affinities, when in reality 
they are only identical characters demanded by common 



conditions, or resulting from equality ol gprade in cha 
scale. True affinities — and these are the affinities of 
gpenealogy — are not to be lodced for horizontally amongst 
ordt rs, but verttcally, from an order in one class to the 
corresponding order in the class next higher. Generally, 
the first and lowest forms of the orders in a class are 
marine, and often these are of coihparatiyely large size. 
We usually see in them a vestige of the essential charac* 
ters of the class next below. Thus, the perennibranchiate 
batrachia in their order, the ichthyosauri in the series of 
crocodilia, and the divers among birdsf all exliibit an 
affinity to fish. The cetacea and phocidse, which I re- 
gard as the immediate basis of the pachydermata, carniv- 
ora, and other orders of terrestid mammals, ought, ac- 
cording to this view, to show an alliance to the reptiles; 
and such a connection does exist between the cetacea and 
certain marine sauria , but from the general extinction of 
the marine reptiles, the linking of the mammals to that 
lower class is less clearly seen than might be wished. 
It must be kept in view that only an outline of the pro- 
gress of the animal kingdom is here designed. Excep- 
tions as to the course which development has taken ap- 
pear to be by no means few ; leading to the idea that the 
frades of organization are not determinate in this respect, 
ut may be reached by steps of unequal length. Thus 
for example, the marsupials appear very clearly a de- 
velopment from certain birds ; probably the rodent and 
edentate orders are derived through the same channeL 
From the approach made by certain of the reptilia to 
birds, we may surmise that there also there are excep- 
tions to the rule. In short, the progress of animality ir 
the different stirpes has been attended by peculiarities 
which evidently affix peculiar characters to each, and 
make the idea of a difierence in time not only prolnible, 
but unavoidable. 

Regarding the animal kingdom simply as « combination 
of independent stirpes, each with its distinct affinities, 
the theory of transmutation puts on a totally new aspect; 
80 truly is this the case, that transmutation is hardly any 
longer a term appropriate to the idea. The difficulty oi 
supposing such changes as that from the rodent to the ru- 
minant, or the carnivorous animal to the quadrumane, 
vanishes, leaving only transitions from one form t^ 
mnoiher of a series generally similar — ^from the aquatia 
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ntehyderni, for instance, to the terrestrial, from the otazy 
to the otter, from certain phoce to the bear, and so on. 
There is a unity in all mf&nces in the moral as well as 
physical characters of the various members of one stirps ; 
we only see it advancing from low to high characters, 
just as we see the foetus of a high animal passing through 
various inferior stages before it reach its proper mature 
character. The lines, moreover, being independent of 
each other, and not quite uniform as to the stages of 
animality Uirough which they pass, it follows that, un- 
less we know of some law governing their different ges- 
tative periods, we are not entitled to look for the first 
occurrence of their various ichthyic, reptilian, and mam- 
malian sections, in any order as regards each other, even 
though, we could be sure (which we are not) that we are 
surveying a geographical region where they all started 
fair in the race of progressive organization. Hence it is 
that, though the ba&achia are usually placed by zoologists 
at the bottom of the list of reptilian orders, I attach little 
importance to their vestiges being now found so low All 
that I think we can expect is, that, in a particular area 
where we have reason to believe that the lines have 
started abreast, they should all reach their various grades 
nearly about one time, or what may be considered as one 
time compared with the whole extent of geological chro- 
nology. And such appears to be pretty much the case 
in those regions whicn geologists have explored. 

The Edinburgh reviewer will observe that this view 
of the animal kingdom leaves much of his opposition 
in a very awkward predicament He has everywhere 
assumed that the genealogy of the orders of each class 
was supposed to be en $uite, which it certainly never 
was in my book. In the early editions I spoke with diffi- 
dence of the course of the supposed development,* be- 
cause I had not then seen or conceived any arrangement 
of the animal kingdom which answered to that hypothe- 
sis, although I thoujght proper to attempt to show that 
the quinarian and circular classification, which I found 
m vogue at the time when I was writing, did not neces- 
jarily militate against it. In the third ^ition, the pres- 

* "... it does not appear that this gradation passes along one 
line, on which every animal form can be, as it were, si runffj there 
maj be branching or double lines at some places,'' fco.— :r«tt»£M 
liied.,p.UO 
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ent view was first hinted at ; and in the fourth it was 
sketched, though with liability to correction ; thus anti> 
cipatin^by some months the publication of the criticism 
to which I am adverting. I need hardly remark, that in 
all criticism, the actual subject criticised must be brought 
forward for comment, and nothing else ; otherwise the 
commentaries become of no imaginable use but to obscure 
true judgment. Now the Edinburgh reviewer has pre- 
sented his subject, in this instance, m lineaments entire- 
ly of his own imagining, and directly in contradiction to 
those which belong to it. He had no title to assume any 
plan of development and to represent his victory over 
that as a triumph over the hypothesis of his author. In 
such conduct he has thoroughly vitiated the whole fabric 
of his criticism, and left it, in reality, no pretension to re- 
main for a moment in court. My immediate object, how- 
ever, is not to take such exceptions against him, but to 
show how the ascertained facts of a hmited portion of 
the field of nature may be reconciled with that concep- 
tion to which a view of what appears over the whole field 
may lead an honest inquirer. 

If the hypothesis of a plurality of genetic lines be ad- 
mitted, we are not of course to ask which order of rep- 
tiles, or of any other classj first iexisted (such being the 
language of the old classification ;) but, having first set- 
flea the whole affinities of the animal kingdom on the new 
plan, we are to inquire if the geological presentment of 
the families was accordant with the scheme, allowing for 
the negative nature of much of the geolomcal evidence 
of this kind. Now, in the first place, the alinities of the 
animal kingdom are only in part made out ; in the second, 
geological evidence is only partial. We are clearly. 
Sierefore, not to expect in nature's museum a full exhi- 
bition of any one entire stirps, as it may be supposed to 
have passed through its successive stages up to our time. 
All that we can expect is a succession of fossils marking 
out portions of what we may suppose likely yet to be es- 
tablished as lines of animal descent. Blanlu, and larse 
ones too, must be allowed for ; possible errors as to the 
animal pedigrees must be contemplated. But if we have 
any ground for generalizing in a particular direction, as I 
think there is in this case, we may be held as called upon 
not to conclude hastily and rashly on the unfavorable 
side, but to look and consider patiently, and to suipend 
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[Hd^ment wherever the adverse evidence may appear to 
t>e of a nature likely to be reversed. Let us now se^ 
how all this applies to the conduct of the Eldinburgh re- 
viewer, with reg'iU'd to the early reptilian fossils. The 
formations where these occur have only*been examined 
in such a degree, that they are almost every year giving 
forth new responses: for example, the existence of birds 
at this era was not dreamt of ten years ago ; the existence 
of tortoises in the time of the New Red Sandstone was 
equaJly unknown only two or three years earlier. It is 
a still less time since the labyrinthidonts of the Keuper of 
Germany were discovered ; and we have just seen that 
the unqualified affirmations of the Edinburgh reviewer, 
as to the oldest reptiles, were overturned by intelligence 
A*om America, before his sheets had seen the light. When 
ttiese things are considered, we must see the objections of 
the reviewer to be extremely rash. It might be allowed 
that the earliest known lacertilia are not of strictly ma- 
rine forms or allied to fish ; it mi^ht equally be admitted 
of the first batrachians, that " their near affinities are not 
with fishes," as this writer takes upon him to say. ' Yet 
we should still see the absurdity of affirming that either 
these batrachia or lacertilia were the first created of their 
respective orders, seeing that their relics were so few and 
the discovery of these so accidental, that we might look 
for new and superseding facts everjr day.* 

But, as the case actually stands, is this line of defence 
more than hypothetically necessary? I doubt it very 
much. The lacertilia of the magnesian limestone, and 
these labyrinthidonts of the Trias (perhaps also of the 
carboniferous formation,) are they so far removed from 
fish characters as the reviewer would make them ? Let 
any naturalist who has ever studied the transmutation of 
the individual batrachian, passing in a few weeks from 
the branchiated fish to the lunged and limbed fro^ or 
newt, its circulatory and alimentary system entirely 

I • It if Decenary to gnard against a luppoiitioii that I vmdervaliie 
•aoh isolated relies, as infemi^ the pcwitive fact of the exictence 
of particular orden of animals at particular times. For tliif pur* 
pose, the smallest fragment betraying the character of the oigani- 
sation is often sufficient What is tSbHj meant is, that, M^hen w« 
find a few outlying reUcs belonging to a class which does not ap- 
pear in any force till afterwards, we cannot be sure that we hava 
acquired the means of forming a distinct idea of tk» Hnu of tkt 
migin of that elagi or the orders with which the class ftaftadr as 
Auther diacovaries on these ooints may b« looked tor, 

19 
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ehanged, and then say if the labyrinthidon .nay not be tl» 
Tery first step ft'om some ichthyic form. What thouen 
the proportions of the head remind Mr. Owen of tna 
■uuria, and remove the animal, as he thinks, abore the 
present batrachian type ! Against any such inferences 
we have the positive fact, in the organization of this 
batrachian, of a biconcave form of the vertebrae, the form 
peculiar to fishes, — arguing, by Mr. Owen's own acknowl- 
edgment, aquatic if not marine habits, — also a decidedly 
piscine character in the arrangement and even micro- 
scopic structure of the teeth, together with that position 
of the breathing apertures near the end of the snout 
which we see in crocodiles, for the purpose of allowing 
them to dra^ their prey under water without ceasing to 
respire. With regard to the lacertilia, we have Uiis same 
fish-like biconcave form of the vertebrae, and the same 
fish-like arrangement of the teeth, equally arguing that 
alliance to the lower vertebrate class which it is the 
pleasure of this hardy critic to deny, — the biconcafe 
structure of the reptiles, showine, as Mr. Owen himself 
owns, that these animals, which uie Edinburgh reviewer 
deems so utterly separated from fish, had probably *'a 
more aquatic, if not marine theatre of life"* than was 
assigned to their successors. In subsequent and present 
reptiles, this form is superseded by the ball and socket, 
or concavo-convex form ; but it is remarkable that, in the 
embryo state, the frog and crocodile (if not others) ez- 
Aibit the double hollow form still, resembling in this re- 
spect the mature animal of the secondary rocks. Sndi 
is the actual character of reptiles which our ci^itic would 
set up as high : he has, after this, only to speak of the 
annelid as above the butterfly, or the proteus as superior 
to the land salamander, to establish his character as a 
naturalist Need I say that these Pmrmian reptiles aie^ 
in resditv, by these facts degraded to a place in proximity 
with fishes ? 

So much for the batrachia and lacertilia. When wt 
come to the great saurian line in the Muschelkadk, laaa, 
Oolite, and Wealden, we have a case which cannot bs 
disputed, for here the marine character ci the earliest ot 
the series, and their intermediatenesa between fish and 
true crocodiles, are admitted by alL The first remove 
« On th« Reptilian Foigile of South Afirioe Oaolocioal Tfaat 



the fish is the ichlhyosaur, its name declaring tho 
—•'■— of class charnclers for which it la remarkable. 



With pli^ine body and tail, and dns advanced ii 
olo form, it has a true crocodilian head. In the plioaaur, 
Trhich ia later in appearing;, we have a staze of adrance to 
the true sauria, wnicK come forward in the oolite, in [he 
forma of taleoaaunis, Bteneosaiirus. &c. Afterwards, cliief- 
Ij in (he Wealden, we have the dinosauria, which betray 
mn approach to the mammaliaa type in the pachyderma- 
tous order. Another oolite saurian, (he cetiosaur, exhib- 
its in the form of the ycrtelirse a verging towards the ca- 
laceoiis mammalia, tiere there is the most perfect and 
even striking harmony wi(h the theory of a pr<^ressive 
development. BbIovb theaa formations, tish ; then, low 
in these formations, fish saurians; above Ihenj, true and 
eompletesaurians ; finally, higher still, aaarians advancing 
to a more el eva(ed grade of animal ity ; and where do these 
more elevated types occur ? In the next formation pass- 
ing over one which hardly represents any but deep-sea life. 
Nay, cetaceous relics hare been found before we leave the 
ftrata so remarkable for the eaurians. Thus it appears 
that the whole of this chapter of palteontology, when read 
by a light from nature, and not from mao'a capricious hu- 
mor, so far from being opposed to the natural genesis of 
animals, gives it support. Men, however, and of lively 

garts too, might go on for an age misreading such palpable 
lets, if they be delermiDed against putting them into the 
calloealion in which a senae can be made of them, just as 
we might puzzle forever over a Latin or Greek senlcnce, 
if obstinately resolved a^nst making English out of it 
except in its original r.onslructioD, 

After presenting the case of the reptilian fossils of the 
■econdary formation in this way, I feel it hardly neeesaa- 
t^ to track the Cdinbui^h reviewer tlirough all his par- 
ticular objections. They are a mass of confusion, result- 
ing from erroneous assumptions oo his own part respect- 
ing the development theory, as that the ordrri of animals 
ace all to be afBliated to each other, and every parental 
form heid as extinguished by the fact of iransmutalion 
(the latter being a peculiarly gratuitous supposition — see 
p. 50 of the Review :) together with equally rash and un- 
' ■ regarding the earlieat forms of the 
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a disregard of everything that pointed in the opposite di 
rection. The great unquestioned facts of a succession 6L 
birds and mammals to the fishes and reptiles, these being 
also the next higher classes in the scale of the naturalist 
tell nothing to this writer, as the succession of the rep- 
tiles to the fishes told nothing before. From the sligot 
remarks with which he passes over these facts, an un 
learned reader would hardly suppose that they were of 
the least significance, while, in reality, they are of the 
greatest. It is much the same as if a historian were 
to sink all such events as changes of dynasties, and fix 
attention upon the displacement of under-secretaries 
of state. And what makes this conduct the more marked 
is, that the minor facts upon which ho fastens for the 
purpose of supporting his own theory are mostly pre- 
sented to us in circumstances which show their uncer- 
tainty and the likelihood of their beio^ superseded. 

For example, the earliest traces of birds do not indicate 
marine forms, which, according to my general views, 
ought, he says, to be the case. Instead of natatorial birds, 
they are waders and runners. Let the reader judge of 
the character of this objection when he learns &e real 
-circumstances of the case. The traces of birds here 
spoken of are merely a few font-prints found upon certain 
rock surfaces in America. Not a bone of these animals 
has been found in this early period. It must therefore 
be inferred, either that the circumstances were not favor- 
able for the entombment of the bodies of these birds, or 
that our researches in the strata formed at the time when 
they lived have been insufficient to discover them. If 
such be the case with birds which lived upon shores- 
places where, as we learn from the nature of the strata, 
accumulations of sand and mud were constantly taking 
place, it is of course not to be expected that any remains 
of natatorial birds should be found, animals mostly living 
far out at sea. To put the case in its stroneest form-^ 
foot-prints on shores being the record of the birds of this 
era, we are not to expect any traces of such birds as, |[en- 
erally speaking, are not in the way of making foot-pnnt> 
on shores. I might go further than this, and point out 
that certain natatorial genera have feet not to be distm- 
guished from those of waders, so that certain of these 
foot-prints may be those of natatorial species after all ; buf 
I feel it to be my best dut}* in ^he case only to deny tl^ai 
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are m circumstances to say that waders and ranters 
were the first created birds. Mr. Lyell, who stands as high 
as this or any other writer on geology, says, with regard to 
those 7ery ornithichnites, as they are called — '< This sand- 
stone is of much higher antiquity than any formatioD 
in which fossil bones or any other indications of birds 
have been detected in Europe. Still we have no ground 
•for inferring from such facts that the feathered tribe 
made its first appearance in the western hemisphere 
at this period. It u too common a fallacy to fix the era of 
thefint creation of each tribe of plants or animals, and 
even of animate beings in general, at the precise point 
uhere our present retrospective knowledge happens to stop.*'* 
What now gives force to this observation is, the recent dis- 
covery of a new set of bird foot- prints — said to be of waders 
only — in the carboniferous formation of Pennsylvania. 
The emergence of such a fact in the midst of the review- 
er's speculations on the foot-prints of the New Red Sand- 
stone, forms a most emphatic commentary on all decisive 
inferences where the facts are obviously casual and isola- 
ted. 

Of a somewhat different character are the reviewer's 
remarks on the first relics of mammalia — the few bones 
of cetacea from the Lower Oolite and ot marsupials from 
the Stonesfield Slate. Here the very first mammal family 
is undoubtedly marine; and, if it were to receive equad 
consideration with the grallatorial foot-prints, he ought 
certainly to admit that it favors the development theory. 
But he escapes from this claim by a mode of his own. 
He has not seen these relics ! The American foot- prints 
were good evidence, without being seen; but a fact 
which makes against his theory requires personal in- 
spection, even though it may come forward with the 
authority of Baron Cuvier.f He is more at case with 
•the marsupials, which are of course unequivocally land 
animals. I have only here to refer to the fourth edition 
of my book — published two months before the appear- 
ance of the review, and while I was unrecking of any 
great objection being grounded on this point — where it is 

* Travels in Notth America, i., 355. 

t " There is in the Oxford Muspum an ulna from the Great 
Oolite of Enstono, near Woodstock, Oxton, which was exavtiitsd 
Ay Cumer and pronounced to bt cetaceous; and also a portion of • 
rery large rib, apparently of a whale, from thu same locality ."«• 
BuckUauPe Bridf^ew Oer TreattMe, i, 113, lou. 
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Boggested that the peculiar organization of the mami' 
pials points to their having been derived through a dif- 
ferent medium from other mammals. The critic, eager 
to let nothing escape, tells us that there are other land 
mammals lower in organic type than the marsupials. 
One answer to this objection might be found in an expla- 
nation of my news respecting the ornithic descent oi 
these animals ; but I am unwilling to pause upon such 
an inferior matter, and will therefore meet him with the 
question, if any other mammals show that lowly grade oi 
organization which is marked by the absence of a pla- 
centa? '* There are no other organic types," he says, 
'< to which they [the marsupials] offer the shadow of a 
near affinity. They are therefore in direct antagonism 
with the scheme of regular development" To this it 
may be replied, that the affinity of the marsupials to the 
oviparous vertebrata is admitted by ev^ naturalist, 
being shown in the small size of the brain and conse- 
quent exposure of the cerebellum, the absence of the 
septum lucidum and corpus callosum in the brain, and 
various other traits. Professor Rymer Jones, of King's 
College, whose testimony on such a point will be ad- 
mitted b}[ the reviewer, speaks of the marsupials as 
<* connecting links between the oviparous and placental 
vertebrata." Striking traits of their affinity to birds are 
shown, he says, in the structure of the ear and of the re- 
productive organs.** In reality, the whole figure of the 
cursorial bird, the small head upon the long neck, the 
extreme length of the hinder limbs, and the imperfect 
development of the fore extremities, as well as the ten- 
dency of the feathers to a hair-like character, speak irre- 
sistibly for its approach to certain marsupials. The orni- 
thorhynchus is as clearly an advance from the natatorial 
bird towards the rodent form, the latter being an order 
whose osteolo^ical structure is allowed by every natural- 
ist to be bird-like. New and curious illustrations of the 
connection between the birds and the implacental mam- 
malia are constantly appearing. We lately heard of a 
bird which has a pouch for its young like the kangaroo,! 
and Mayer has discovered in the ^male emeu a purse 
form of certain organs, indicating an approach to the 
marsupial in that part of structure which is the mosi diS' 

* General View of the Structure of the Animal Kingdom. 
} Magazine of Natural History. 
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tinctive in the case.* It would appear that the reviewer 
ia simply ignorant of this department of nataral historj, 
and, with tne self-esteem which often attends upon igno- 
rance, he has somewhat unluckily ventured to give a 
positive contradiction to that which is incontestahly true. 
The reviewer at length comes to the organic phe- 
nomena of the Tertiary system. ** On the theory of de- 
velopment," says he, ** * the stages of advance are in all 
cases very smsdl — fron species to species,' and the phe- 
nomena, * as shown ii. the pages of geology, are always of 
a simple and modest character.' Let us test these as- 
sumptions by one single step, from the chalk to the Lon- 
don clay, or any other tertiary deposit. Among the mil- 
lions of organic forms, from corals up to mammals, we 
find hardly so much as one single secondary species." 
The exceptions in reality are, the infusoria of the chalk, 
and '* two or three secondary species," which are said to 
** straggle into the tertiary system." ** Organic nature," 
be says, *' is once more on a new pattern — plants as well 
ts animals are changed. It might seem as if we had 
oeen transported to a new planet ; for neither in the ar- 
fancement of the genera and species, nor in their affinities 
^ith the types of an older world, is there the shadow of 
iny approach te a regular plan of organic development." 
Now ihe almost total breaJc in the organic creation here 
insisted upon occurs in the interval between the exten- 
sive deposits of the secondary formation and the com- 
paratively isolated deposits of the tertiary. It is an inter- 
val which the lithological arrangements clearly indicate 
to have been longer than any of those between the other 
formations, during which minor changes of organic crea- 
tion had taken place. It is simply, then, a period not 
represented by strata or by fossils ; while it elapsed, the 
continual advance of the organic world proceeded to a 
point at which nearly all the old species had died out or 
be6n changed. There was nothing more in the ** step " of 
our reviewer than this Such is the geological doctrine. 
** Is the present creation of life," says Professor Phillips, 
** a continuation of the previous ones ; a term of the same 
long series of communicated being ? I answer, ye8."t 
** There is no break," he says, *< in the vast chain of or- 

* Reports of Ray Society, I. 

t He addi— " But not as the oflkpriBg ia a tontiatBUitioa el Ae 
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Snlc deTelopment till we reach the ezistipg order o# 
ings " The reader will farther be able to jucike of the 
candor of the reviewer respecting the zoology of the ter* 
tiary, when he is reminded that it shows exactly those 
new portions of the animal kingdom which mieht havs 
been expected, according to the theory of deyeloproent. 
Heretofore, we have only few and faint traces of mam- 
malia ; but now they are added in abundance, mammalia 
being the crowning class of the vertebrated form As far 
as cicus, therefore, is concerned, it is incontestably a 
*' regular plan of organic development" B«it this is not 
all. We nave seen the reptile forms of the secondary ap- 
proaching the cetacean character ; and now there is an 
abundance of the aquatic mammalia^ as well as of those 
land pachyderms which are universally classed with 
some of the forms of that order, these being the only suite 
of creatures which my ideas of development would lead 
ne to expect at this place. Here I must meet the re- 
;iewer on a special ground. He admits the dinosaurs to 
lave been the nearest approach to mammals ; but « they 
lied away," he says (** if we are to trust to geology,) ages 
lefore the end of the chalk." These mammals have, 
herefore, ** no zoological base to rest upon ;" that is, 
Jiere is no connection between them and any such animals 
ts the ainusaurs, because there is an interval in the creta- 
ceous formation which gives neither these forms nor any 
intermediate. Now the fact is admitted by Professor 
Ansted, that the cretaceous system appears to have been 
*< formed, for the most part, by deposits in deep water, 
and a considerable portion of it not far from the zero 
if animal life.*** And this he states witli a particular 
reference to tne results of Professor Ektward Forbes's re- 
searches in the Egean Sea. We therefore have a satis- 
factory explanation of the non-appearance of forms inter- 
mediate to thi" reptiles and mammals in the chalk, without 
t>eing driven to suppose, with our reviewer, that the latter 
were a creation de novo of animal life. But no such fact 
as this did it suit our reviewer to state. 

** Carnivora," he proceeds to say, " are as old aspachy 
derms. As far, at least, as we have any evidence bearing 
on the question, and biroana (monkeys) are found in this 
division — thus contradicting and stultifying the upper end 
•four author's grand creative scale." There is here, in 

* Anited't Geology, L, M8. 
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reality, no stultification excq)t in the critic's -own mind. 
It was not my scale which he refers to, but Dr. Fletcher's ; 
adopted into my book, not as a plan of the actual process 
of development, but as a general indication of the com- 
parative organization ol the animal orders. I do not con- 
sider the assumed contemporaneousness of the carnivora 
and monkeys (which the reviewer erroneously calls bima- 
na) as at all contradictory of a true development theory, 
for I regard them all as distinct lines of development, 
which might well advance to a certain stage (namely, that 
of the terrestrial mammala) about the same time. I am 
not, however, entitled to blame the reviewer for thi» ob- 

{'ection, as the idea of a development in a pluradity of 
ines must be new to him. 

** As we ascend," he says, •* towards the middle divis- 
ions of the [tertiary] series, there is a development of 
nature's kingdom, nearer and nearer to living types. But 
it is not a development after our author's scheme. It fol- 
ows the law of he rise, progress, and decline of the fam- 
ilies of the older world, already pointed out. We have 
no confusion of genera and species, and no shades of struc- 
ture to make dim their outlines." Now there is here an 
acknowledgment, in which all geologists accord, of a 
constant gradual approach to living types. Is not this, in 
itself, a fact speaking strongly for some simply naturaJ 
procedure, in the origin of the present tribes ? A change 
goes on from one set of forms to another, ir the same way 
as one human generation is changed for another — name- 
ly, by the withdrawal of some and the addition of others, 
until at length the whole personnel of one age is superse- 
ded by that of another. The removal of o]d species is 
the result, by our critic's own showing, of law ; and laws 
ior the extinction of species are in operation at the pres- 
ent day. Can we well suppose the rise of the new spe- 
cies to be a phenomenon of an essentially different char- 
acter ? for here is the whole question at issue. I say no 
—any ideas I have ever acquired of philosophy, as an ex- 
pression of our ascertainment of the order of nature or prov- 
idence, forbid me to form such a conclusion. A ** con- 
fusion of genera or species" is not to be presumed ; there 
is no need for a shading of structure to make dim their 
outlines. I suggest that a line of oreanization analogous 
to the progress of the embryo of an ^evated species had 
passed in the course of time through its appointed, stages 
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cf development, each of whieh is antiaU mdwmace upon the 
pTBoeaing, and the type of a fo/rm thenceforth to continof 
pennanem. Esch line stands ^aj!l. It may show shad- 
ings in a rertical direction, as between its reptilian and its 
mammai forms, but no true affinities connecting horizon- 
taily with the members of other lines. Our critic is here, 
therefore, completely at fault. I meet him again, how- 
ever, on specisd grounds Many of the animals of the 
tertiary period are of large bulk. We have not only hu^ 
examples of the pachyderm order, in which there are still 
existing many bulky species, but we have equally vast 
creatures oe.onging to the rodent, the edentate, and 
other oraers. These huge mammals are, indeed, the sie- 
nai lorms of this period, tiie forms by which the whole 
tertiary system is most distinguished. Now, if we take 
the living pachyderm order, we shall find that the largest 
species are of the lowest organization. For example, the 
eleonant, with its short me&tarsus, is a low form compar- 
ed with the horse, in which the heel is raised so much 
above the sround. This is a prc^rc^s of characters which 
could be shown in many other families. It is a progress 
which may be generally described as passing from the 
phocal form of me hind extremities, through the planti- 
grade and ascending to its ultimatum in the digitigrade. 
Now this process is coincident with the distribution oi 
the various lines of animals in physical geography, for 
while the first are marine the second are generally fomid 
in connection with shores, rivers, and low grounds, and 
the last (alvrays the smallest) with the more varied sur- 
face of the interior. When we find, then, animals of the 
second kind most conspicuous in this period, we have ac- 
tual phenomenon remarkably in accordance with the 
scheme of development. We look in, as it were, upon the 
world, or at least, its chief zoological province, at tnetime 
when the lines had attained to the terrestrial mammal 
forms fitted for fluviatile and jungle life, and ere from 
from these had yet sprung the whole of the smaller but 
more highly organized denizens of nature's common. 

Our critic, having now run over the whole series of 
fossils, summons Cuvier, Agassiz, and Owen to expresi 
their opinions against the theory of development. The 
first <* again and again affirms that the extinct fossil spe- 
cies were not produced by any continued natural organic 
kw from other species." His French opponents tried* 
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according to the reviewer, to overturn his conclusion faj 
experiments in cross-breeding and the ransacking of aft* 
cient tombs. And they talked contemptuoutfiv of &i 
tldture du Bilcle de Ctivier ; for which they fall under a 
reference to the fable of the ass and ihe dead lion. Now 
i disclaim all responsibility for the experiments and 
an^uage of the French theories on this subject. But, 
vhile I re-spect Cuviet, I must not concede too much 
tven to his opinion. He was, after all, but a man, with 
he common liability to prejudices. I would, with all 
Jue reverence *br the illustrious baron, remind my re- 
riewer of an opinion which the former expressed is 
1826, that a deluge had occurred about six thousand 
years ago, which broke down and made to disappear the 
countries which had before been inhabited by men, and 
the species of animals with which we are best acquaint- 
ed. I'en years after this belief was ex|)ressed by Cuvier, 
i find Dr. Buckland quietly withdrawing his adnerence 
to it in the Bridgewater Treatise. At this moment it is 
not supported by a single geologist of the least repute. 
May not, then, the Baron Cuvier be wrong also in his 
opinion regarding the development of species ? So much, 
I trust, may be said without any disparagement to the 
author of the Regne Animal. The fact is, that the erro- 
neous and imperfect ideas of ereat men often become an 
annoyance, from no fault on their part, but only because 
the weak and narrow-minded are so apt, afterwards, to 
leize upon such ideas, and brandish them in the faces of 
advancing truths. For M. Agassiz I likewise entertain 
great respect ; but it happens that his liability to error is 
equally well established. The doctrines which he per- 
sisted for years in maintaining with respect to the con- 
stitution and movement of glaciers, are now all but de- 
serted for the more accurate and philosophical deductions 
of Professor James Forbes. I may, tnerefore, receive 
the intelligence which the Neufchatel philosopher brings 
ne reg[arding the fossil fish, but be cautious in accepting 
» an infalliole dictum what he is pleased to say on the 
omparatively profound doctrine of organic development 
*rofessor Owen, whose modestj^ keeps pace with his 
xiue, will hardly pretend to an infallibility which fails 
n two such notea instances. Besides, the difiiculties 
^h)ch this great anatomist and others have found in 
ikoction'ng &e development theory, chiefly rest in mis- 
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tftken MBumptions with regard to the conaAitotioti of U^ 
Animal kinsrdom. It is impossible, as they say, to m&kt 
out a genealogy in a line of orders ; but lei a fresh catii- 
lalist of equs^ standing judge of the theory after he hM 
eoDsidered the animal kingdom in the arrangement now 
■u^ested, and I feel assured that its feasibility will re* 
ceive a more favorable verdict. 

The reviewer, however, would not abate one jot of hit 
opinion, although Cuvier, Agas»z, and Owen were all 
against him ! If such be the state of his mind regarding 
Cuvier, with what face can he condemn St. Hilaire, wbo 
only does that towards the dead lion which our critic 
would also do, supposing the dead lion were equally op- 
posed to his opinion ? The pounds for this strong as- 
surance are in persona) and immediate observation of 
facts. " We have examined," says he, " the old records 
... in the spots where nature placed them, and we 
know their true historical meaning. . . . We hare visited 
in succession the tombs and chamel-hooses of these old 
times, and we took with us the clew ^un in the fabric 
of development ; but we found this clew no guide through 
these ancient labyrinths, and, sorely against our will, we 
were compelled to snap its thread. . . . We now dare af- 
firm that geology, not seen through the mist of any theory, 
but taken as a plain succession of monuments and facto, 
offers one firm cumulative argument against the hypothe- 
sis of development.*' What first strikes us in this decla- 
ration is the tone in which the writer speaks of his own 
convictions. Cuvier, Agassiz, Owen, may all be wrong; 
but this writer cannot. He has seen what he speaks of. 
Against " a dogmatical dictation cor.trary to tne sobc 
rules of sound philosophy" (his own words,) there might 
have surely been some protection in the necessity of re- 
tractation to which the best geologists are occasionally 
reduced. For example, we have Professor Sedgwick, in 
1831, undoing a theory he had formerly embraced: 

** We now connect the gravel of the plains with the 
elevation of the newest system of mountains. .... That 
these statements militate against opinions but a few yean 
since held almost universally among us, cannot be denied. 
h\xt theories of diluvial gravely like all other ardent gff^' 
ralizations of an advancing science, must ever be regard' 
td hut as shifting hypothesis to he modified hy every new 
Uttt till at Ungth they hecomt accordant with all tXs 
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9kei^<fr!U!'%a of natwre. In retreating; where we have ad- 
rav)C6it tco far, there is neither compromise of dignity 
<ior i098 of s^ength ; for in doing this we partake but A 
the common fortune of every one who enters on a field 
tif investigation like our own," 

The oonlTast between the philosophic modesty of thii 
passage and the above extract from the Edinburgh re- 
viewer must be very striking. The reader, who has seen 
the holiownets of so many of this vrriter's particular ob- 
jections to the development theory, can be little at a loss 
to form an estimate of the personal investigations of which 
he speaks. He seems to have yet td learn that the neces- 
sarily partial investigations which any single geologist 
may be able personally to make can give no such amount 
of the requisite knowledge as may be acquired in another 
mode of study ; that the intellectual powers and prepara- 
tions of the personal inquirer ouzht also to be known, be- 
fore we can set such store even by that light which may 
be attained by his examinations. It is not uncommon for 
Drdinary mariners to boast of their knowledge of a coun- 
try from having sailed several times to one of its ports, and 
for private sentinels to pretend to a superior knowledge 
«f a.great battie. In onedetachment of which they happened 
to be engaged. Of such boastings and pretensions 1 must 
confess thact I am strongly reminded by this writer. 

The geological objections to the development theory 
iiave now been discussed, and to the public it must be 
left to docide the question, whether palaeontology is 
favorable or unfavorable to that scheme. I must not ad- 
vert to the illustrations which the theory derives from 
physiology, and the objections w^hich have been made to 
them. The Edinburgh reviewer occupies several of hii 
pages with such objections, but, fortunately, they need 
not detain us long, as they come to little more than this, 
that he puts trust in Dr. Clark, of Cambridge, while I 
have resorted for the support of my general theory ts 
the views advocated by other physiologists.* I may say 

* Dr. Whewell preface to InHeatunu, ^.) Joina the reviewer 
tnd others in veprobating the saggestiona which have been made 
in the Vestigea with regard te a similarity between certain crys- 
(allizationa, as the figures prodnced by frost upon windows, and 
the j§rbor Di07ut, to vegetable forms. The logical merits of tiie 
teriewer's mind are here fully indicated, for what does he set down 
•a a disproof of these as ' traces of secondary means by wbieh the 
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that these views ai d presented in my book as c. rrectfy m 
it was possible for me to give them, who am nothing but 
a general student : in one instance I have employed the 
language of a popular treatise (Dr. Lord's) — ^ridiculed by 
our reviewer as a book of no authority — merely because 
the ideas were there presented in a peculiarly intelligible 
fornf. The general aim waa, I can honestly declare, to 

Almighty deviser might e»tabKsh ^ the forms of plants 7 that sueb 
crystallizations grow by simple apposition of new matter^ and not 
from germs, as actual vegetables tlo *, the question at issue being 
merely, whether the electricity concerned in the crystallization 
might not hare some similar cftect in determining the forms of the 
vegetables. I may here remark that I am not alone in surmising 
•oroe common root for these phenomena. In Leitkead't EUctriu^ 
(1837) the foUoiiring passage occurs :— " The form of the route of 
free electricity is modified by the medium through which it passes, 
and also by the electric state of such medium, or of that of the 
relative electrical condition of two bodies between which it is 
transmitted. If the medium through which it passes possesses a 
very inferior conducting power, it is obvious that a certain mo- 
mentum must be requisite to enable the fluid to force its passage to 
a given distance, and there will be a point at which the momentum 
or the fluid and the resistance of the body will exactly counteiv 
balance each oth^j but so soon as the electricity has again accn* 
mulated to a snflle^nt degree to overcome the resistance, it will 
again force its way in another direction, until it arriv&s at another 
point of equilibrium. In this way we may readily see the ss«A(t 
operand of the electric fluid in imparting regular forms to bodies ; 
and it is highly probable that its action in this respect extends /« 
the vegetable kingdom, and perhaps operates even on aniauUs, from 
the time in which they exist in the embryo state. . . . Another 
fact in support of the opinion, that the distinctive forms of bodies 
are produced by electrical action, is, that crystals, and the twigs 
and leaves of vegetables, all terminate in points or sharp edges, so 
that the electrical action C€ui proceed no further in increasing the 
growth, or, in other words, in propelling fresh portions of matter 
for the extension of the plant, or the cryst^ beyond the pointed 
or edged termination.*' In a letter of Mr. Crosse to Mr. Leithead. 
it is stated that, in one of his experiments, there grew in the in- 
side of an electrified jar filled with hydro-sulphuret of potash a 
mineral fungus, three-fourths of an inch in length and one-fourth 
of an inch in diameter, "in the shape of a common trumpet-moiUAed 
^ngits, whickis found on trees " " In one experiment," says Mr 
Weekes, in a recent letter to myself, " a singularly beautiful ele» 
tro-vegetation was produced, a forest in Tninialttret which, by aid 
of a good lens, presented msmy extraordinary ai^>earances, and 
continued to interest me during many months.'* It may suit the 
reviewer and others to scoff at such " resemblances ;*' but scofr 
fing will not annul, in my mind, the apprebensioa that there is 
here some relation of a very high interesting kind, the investigatioa 
of which may yet give us a deeper insight Uua we now enjoy ia 
the mysteries ol organic being. 
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convey the doctrine of the epi^enesis of animals, as M 
8erres calls it, as an illustration of my subject, consider- 
ing myself entitled to do so by the position which it has 
attained in the world. It is, of course, unfortunate foi 
this, as it is for many other doctrines, that it should have 
an opponent ; but this circumstance is fortunately, on the 
other hand, no adequate ground of condemnation in the 
judgment of third parties. I leave, then, the general tenoi 
of this portion of my reviewer's objections, with the re- 
mark that, for the one authority which he has called into 
court, it would be easy to summon many as good on the 
Dther side ; for instance, Harvey, Grew, Lister, and 
Meckel. Our critic's own favorite authority — Mr. Owen 
—would give good evidence ; see his Letters on the In- 
vertebrated Animah, where he says that man's embryotic 
metamorphosis would not be less striking than those ol 
the butterfly, if subjected like them to observation — and 
then adds, that the human embryo is first vermiform, 
next stamped with the character of the apodal fish, 
afterwards indicative of the enaliosaur, and so forth. 
There is another most respectable English physiolc^ist — 
Dr. Roget — who, in his Bridgewater Treatue, explicitly 
says, <^that the animals which occupf the highest sta- 
tions in each series possess, at the commencement of 
their existence, forms exhibiting a marked resemblance 
to those presented in the permanent condition of the 
lowest animals of the same series ; and that during the 
progress of their development they assume in succession 
the characters of each tribe, corresponding to their con- 
Jiecutive order in the ascending chain." It is to what 
has been thus spoken of by such excellent men — what 
was, I believe, first hinted at by Harvey, and afterwards 
shadowed forth by John Hunter — thai this writer applies 
the appellation of " a monstrous scheme, from first to 
last nothing but a pile of wildly gratuitous hypotheses,** 
This reviewer and others have been eager to point out 
that <* no anatomist has observed the shadow of any 
change assimilating the nascent embryo to any of the 
radiata, mollusca, or articulata. Thus are three whole 
classes [divisions] of the animal kingdom passed over 
without any corresponding fcetal type, and in defiance of 
the law of development." The writer here states what 
is not true, if any faith is to be placed in one of the first 
iu*'boritief of the age> and one upon which he himselt 
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depends ; for have we not seen Mr. Owen on the lail 
page affirming that the human embryo is first vertnt^tnfH f 
— this meaning the form of the worms, a portion of the 
class Annelides, in one of these lower divisions. That 
all these divisions or sub-kingdoms are not represented 
in the human embryo is an objection perfectly visionary, 
for it is not necessary that all should be involved in the 
ancestry, and therefore analogies to all are not to be look- 
ed for. It may be said, then, there is no true difficulty 
in this quarter. 

Perhaps no part of the arguments for the development 
theory has been more misapprehended, or misrepresented, 
than this. It is continually said that the embryo, at any 
of its particular stages, is not in reality the animal repre- 
sented by that stage. The Edinburgh reviewer remarks, 
with regard to the fish sta^e, " Were the embryo of a 
mammal thrown off at that time into the water (of its own 
temperature), it could not support life for a moment." 
The brain of a child in the seventh month is also said to 
he not the brain of any of the inferior animals, but a true 
numan brain. The truth is, no one ever pretended that 
there was such an identity. It is only said that there is 
a resemblance it general character between the particular 
embryotic stage of bein^, and the mature condition and 
form of the appropriate inferior animal. The particular 
adaptations, and the character of vital maturity, are ail 
wanting, and therefore it is that the embryo could not 
live, as the inferior animal represented, if separated from 
the parent, and really is not that inferior animal. 

It may be well, before leaving this part of the subject, 
to advert to a special charge which this writer, and at 
least one other,* have brought forward : it is, that I as- 
sume, not only that the organic ^rms of all creatures 
are alike, but that they are identical. The Edinburgh 
Review brings a contradiction to this proposition from 
Dr. Clark. It is wholly unnecessary, for no such assump- 
tion was ever made by me. The phrase used in the book 
was, " Its primary positions [meaning the doctrines of 
embryonic development] are that the embryos of all ani- 
mals are not distinguishably different from each other;'* 
which is a very different proposition. In sev^^rjl other 
instances, propositions are thus misrepresented t-o \^ord 
the glory of a visionary rcifutation. For example, tiw 
• North American Review, Afnl, 1845. 
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that there being light in the planets, any inhabitants 
of these orbs may be presumed to have eyes, as eyes bear 
a relation to li^ht, is met by him very gravely with the 
tact, left for him to discover, that animals have eyes be- 
fore thev are born ! 

I have now reviewed the vest^es of creation, presented 
in both the geological and physiological records, the for- 
mer presenting memorials of the actual progression of 
species, in nearly such a conformity with the general ar- 
rangements of the organic kingdoms as we might expect 
in the present state of the science, and the latter afford- 
ing us proofs — proofs, at least, satisfactory to many of the 
best anatomists of our age— of a plan of individual devel- 
opment, which ma> be called the living picture of the 
advance of species during the vast ages chronicled by 
the sedimentary rocks. A third series of vestiges now 
remains for consideration—namely, those which hint at 
originations and modifications of organic beings in the 
current era. 

The objections to the occasional production of organic 
beings, otherwise than ex avo, do not appear to have been 
softened by the publication of my former volume. All 
reviewers, with the single exception of the BritUh and 
Foreign Medical Review, have intimated their continued 
skepticism on this point. The experiment of Professor 
Shulze, of Berlin, with decaying organic matter floating 
in a flask to which common air was admitted, after pass- 
ing through sulphuric acid, thereby being deprived of all 
animal admixtures — an experiment which ended in the 
non- product ion of any animalcules or mould — is pointed 
to as conclusive. Explanations more or less plausible 
have al^o been offered for the origin of the entozoa, the 
parasites of civilization, the pimelodes cyclopum, &c. I 
should fear to weary the reader with a new discussion of 
all these particulars : for the sake of brevity, let me meet 
the call which the opponents of the development theory 
usually make, to give it the direct proof which would be 
afforded by showing one instance, either of the origin of 
life or the transmutation of species. 

The objection of the Edinburgh reviewer to the alleged 
transmutation of oats into rye, is that he believes it a 
&ble. This is the opinion of one person, advanced with- 
out fact or argument to support it. Let us see, on^ the 
other hand, what a greater authority on botanical subjects 
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than he- namely, Dr.^Lindley — has stated on ibe sam 
subject. •* At the request," says this learned person, 
" of the Marquis of Bristol, the Reverecd Lord Arthur 
Hervey, in the year 1843, sowed a handful of oats, treated 
them in the manner recommended, by ccntinually stop- 
ping the flowering stems, and the produce, in 1844, has 
been for the most part ears of a very slender barley, hav- 
ing much the appearance of rye, with a little wheat, and 
some oats ; samples of which are, by the favor of Lord 
Bristol, now before us." The learned writer then adverts 
to the ** extraordinary but certain fact, that in orchida- 
ceous plants forms just as different as wheat, barley, ryo, 
and oats havo been proved by the most rigorous evidence, 
to be accidental variations of one common form, brought 
about no one knows how, but before our eyes, and ren- 
dered permanent by equally mysterious agency. Then, 
says Reason, if they occur in orchidaceous plants, why 
should they not also occur in corn plants ? for it is not 
likely that such vagaries will be confined to one little 
group in the vegetable kingdom ; it is more rational to 
believe them to be a part of the general system of crea- 
tion . . . How can we be sure^ that wheat, rye, oats, 
and barley are not all accidental oflf-sets from some unsus- 
pected species?"* The reader will now be partly able 
to judge of the value of the unsupported dictum of the 
reviewer. 

There are many other facts that throw a strong light on 
transmutation, both of plants and animals. So far from 
there being any decisive proof against this theory, there 
is no settled conclusion at this moment amongst natural- 
ists as to what constitutes a species. " There is," sayf 
Professor Henslow, ** no law tvhatever hitherto established, 
by which the limits of variation to a given species can bi 
satisfaoi^Ttly assigned^ and until some such law be dis 
covered, we cannot expect precision in the details of sys* 
tematic botany."t ** We nave agreed," says Bicheno 
*' that a species shall be that distinct form, ori^nally so 
created, and producing by certain laws of generation others 
like itself. There is this inconvenience attending the use 
of it by naturalists, that it assumes as a fact that which, 
in the present state of science, is in many cases a fit sub> 
iect of inquiry ; namely, that species, according to our defi* 

« Gardener's Chronicle, August, 184i. 
f MtgMine of Zoology and llotany, i., 116 
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nftion, do exist thronghont nature. It \a too eon vement 9 
term to be dispensed with, even as an assumption ; only cart 
should be taken that we do not accept the abstract term for 
the fact.*"* Mr. Westwood, speaking of insects, says, ** In 
very extensive genera, the distinctions of species are so 
minute, that it requires the most practiced eye to separate 
them ; and, indeed, there are some groups^ the species of 
which are so intricately blended together, that no two en- 
tomologists are agreed as to their distinctness." Accord- 
ing to Mr. Haldeman, author of a learned work on the 
fresh-water mollusks of America, "There are distinct 
species in that class — among the Unionidae, for example 
[and this is a remark applicable to other departments ol 
the animal kingdom,] actually di^ring less from each 
other than the known varieties of certain variable species 
which a Lamarkian might suppose to be of so recent an 
origin as not to have yet become settled in the possession 
of their proper diagnostic characters. Indeed, notwith- 
standing the assumption to the contrary, by authors who 
have little practical acquaintance with the details of natu- 
ral history, the proper discrimination between species 
and variety, is one of the greatest difficulties which the 
naturalist has to encounter ; and he who is successful in 
this department is entitled to a rank which comparatively 
few can attain."t 

Of the extent to which modifications may be carried 
by palpable external conditions, I may now supply a few 
illustrations. It is well known that fungi and lichens 
attain to very different appearances in different situations, 
in conformity with different conditions. Fries, we are 
told, ** asserts that out of the different states of one spe- 
cies (telephora sulphurea) more than eight distinct gen- 
era had been constructed by different authors. It would 
seem, then, that the absolute number of species among 
the fungi is not nearly so great as has been usually sup- 
posed, and that the kind produced by a decomposing 
infusion, or a bed of decaying solid matter, will depeiM 
as mtteh upon th^ influence of the material employed 
as upon the germ itself which is the subject of it,X 

Among the questions proposed by the Academy of Sei 
fiiices at Haarlem, in 1839, was one upon the followiiK 

* LinnsBan Transactions, xv., 483. 

{Boston Journal of Natival Histori 
Garpenter'a Physiology, p 63 



•object — ** Accoraling to some botuiists. Algae of a Toy 
mnple structure, placed under favorable circumstances, 
develop and change into diflferent plants, belon^n^ to 
genera much more elevated in the scale of organic^ing , 
although these same algae, in the absence of such favor- 
able circumstances, would be fertile, and reproduce their 
primitive form."* i would ask if this is a point as yet 
settled in the negative. The original of our cabbaj^ is 
well known to be a trailing sea-side plant, entirely differ- 
ent from the cabbage in appearance. The cardoon and 
artichoke are now admitted to be one, and Mr. Darwin 
was assured by an intelligent farmer that he has seen, in a 
deserted garden, the latter plant relapsing into the former. 

It is well known that when fresn-water moUusks are 
exposed for a little time to an influx of the sea, those 
which can survive the change assume considerably differ- 
ent characters. In a fresh-water tertiary formation of the 
island of Cos, Professor Edward Forbes and Lieutenant 
Spratt found various fresh-water moUuscan shells — palu- 
dina, neretina, melanopsis, &c —which had passed 
through surprising modifications in the course of three 
successive groups of deposits, supposed to have been 
marked by increasing influxes of sea- water. ** The low- 
ermost species of each genus were smooth, those of the 
centre partially plicated, and those of the upper part 
strongly and regularly ribbed. "f This was apparently a 
retrogression to marine t)«pe8. The differences in the 
three cases were greater than those which natuiaiistf 
usually consider as grounds of specific distinction. 

Surely there are here ample evidences of species, or 
what are usually regarded as such, being variable under 
changed conditions. It will be said, these changes are 
all mere variations of specific forms, and the facts do no- 
thing but show that that has been csjled species which is 
only variety. But where is this to have its limits ? If 
the cabbage and sea-plant are to be now regarded as one 
species, it seems to me that we have to go very little fur- 
tner to come to the lines of successive forms or stirpe$f 
which my hypothesis suggests. This view oecomes the 
more striking when we remember that any variaticnf 
which we now see take place within a space of time 

• Charlesworth's Magazine of Natural History, U.. 448. 
t Report of the Pcoceedinga of the British Association, 184ft - 
itUrary GazetU. 
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•xtremely Amall in comparison with those which tooIokt 
allows for its phenomena. ** Although," says 1^. H^- 
dema i, ** we may not be able, artificially, to produce a 
ehange beyond a definite point, it would be a hasty infer- 
ence to suppose that a physical agent acting gradually for 
ages, could not carry the variation a step or two further." 
I may here advert to a fallacy which has been one of 
the principal difficulties in the way of the supposition of 
every kind of transmutation. It is always taken for 
granted that the parental animal must be extinguished in 
consequence of the change. Thus we find a suggestion 
by M . St. Hilaire that the modem girafie may be a modifi- 
cation of the si vatherium of the Indian tertiaries, met very 
complacently by a reference to the discovery of Dr. Fal- 
coner, that in these tertiaries, the girafie is associated with 
the sivatherium. So also the suggestion that the hare of 
Siberia, with its curtailed ears, shorter hind legs, and ab- 
sence of tail, may be a modification of the ordinary hare, 
has been answered by Professor Owen, with arefereftceto 
the fact that the tailless hare (Lagomys Spelaeus) is found 
as early in the tertiaries as any species of the true genus, 
Lepus.* Now it is entirely an assumption on the part oi 
those who oppose the transmutation theory, that the orig- 
inal animal shall perish when the new one is produced ; 
and therefore the difficulty is entirely of their own making. 
The probable fact is that the modification takes place in 
an offshoot of the original tribe, which has removed into a 
different set of circumstances, these circumstances being 
the cause of the change : thus there is no need to presume 
that the original tribe is at all affected by any &\icn modifi- 
cation. The case is precisely analogous to that of a colony. 
We see, for example, the New Englanders change from 
the original English type, without any necessary efiect 
upon the parent stock. Just so might the giraffe be a 
changed sivatherium, and yet the sivatherium continue to 
exist. And in point of fact, there are many animals now 
living along with their disposed modified descendants. 
Unless, therefore, it could be proved that the supposed 
descendant actually preceded in date the animal from 
which it was said to nave sprung, objections of this na- 
ture can be of no force. The reader will understand that 
I only adduce the instances of the sivatherium and hare 
for the sake of illustration, and without undertaking to 
* British Foisil Mammalia and Bfards, p.310w 



in mMruLXATtotn 

•bo^ that those animals 'have actually had sacn modified 
descendants as may have been attributed to them. I woula 
entreat the candid opponent of the transmutation theory 
to review the subject in the improved light in which it 
appears, with this most gratuitous assumption set aside. 
With regard to the origination of new life from inorgan- 
ic element, the Broomfield expeiiment would be quite 
decisive, if any evidence could be admitted for what men 
are unwilling to believe. The Edinburgh reviewer writes 
two pages which appear to put the alleged fact much out 
of countenance ; aini yet it is true that ridicule^ which 
always proceeds upon assumption, forms their entire com- 
position. He states that specimens of the insect were sent 
to Paris, where they set a whole conclave of philosophers 
a-laughing, because they were found to contain ova. It 
did not occur to him that independent generation is what 
the development theory nresumes of every animal family 
which may have ever had an origin otherwise than ^arovo. 
Other specimens were sent to London, but there their fate 
was sealed by their bcin^ fi^und to be not a new species, 
but one then abundant in the country. These circum- 
stances, with a few empty jests, satisfy the critic that there 
was no independent generation in the case. Against such 
a conclusion, proceeding upon mere supposition, I adduce 
careful experiment During the last three yeajs, Mr. 
Weekes of Sandwich, has continued to subject solutions to 
electric action, and invariably found insects produred in 
these instances, while they as invariably failed to appear 
where the electric aciion was not employed, but every 
other condition fulfilled. The ri^id care taken in these 
experiments to exclude vitiating circumstances gives then; 
a hish claim to notice, and I therefore present, as an ap- 
pendix, two letters from Mr. Weekes upon the subject 
They cannot fail to be read with interest, and the more st 
as they exhibit a man pursuing the investigation of an im 
portant natural fact under the most discouraging circum* 
stances. If this new presentment of the A cams Crossii 
shall still excite ridicule, I can only regret the m<x)d ol 
mind from which that ridicule arises ; but the opposite 
party must excuse my attaching no importance Ui a'ly- 
Jiing besides fact and argument. These alleged phivacm- 
ena are open, like all others, to the test of count<T-«x- 
periment Let them be subjected to it in the most rigia nxuh 
c«er. and set aside in the case of failure But to meet xSMB 
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nerely with scofTs and jests, or at the most, certain wholly 
gratuitous assumptions as to a possibly various cause, is 
not philosophical, and therelbrf" deserves no consiceration. 
Having thus presented vestiges of laws for the original 
lion and modincation of organic being, I must protest 
against proof of the existence of such laws being held in- 
dispensable to the development theory. The earth., we 
8ee, has been peopled for ages before man began to observe 
nature or chronicle his observations. The organic world 
attained what appears to us completeness, in remote ages. 
It is a thing done, as individual reproduction is done at the 
birth of the new creature. We are not, therefore, to ex- 
pect conspicuous examples of either a new origin of life or 
a modification of species at the present day. Though, 
therefore, not one unequivocal instance of such origin and 
such modification could be presented, it would say nothing 
positive against the hypothesis that species originated, and 
made a series of advances in general organization, by the 
efficacy of law, in times long antecedent to our historical 
period. We should still have to say that the evidence of 
such phenomena was to be looked for elsewhere — namely, 
in the history of the progress of organic being as chroni- 
cled for us by geology, and in the history which physiology 
affords us of the progress of the individual embryo. See- 
ing, then, that plants and animals came into existence ^^d- 
usdly, in the course of a vast period of time, and in a 
succession conforming generally to their grades in organi- 
zation, and the stages through which the embryo of one of 
tile highest has to pass before it attains maturity, we might 
say that we had seen all that could well be expected in 
the case, and enough to establish a strong probability for 
the devdopment theory. Tfevertheless, it may be admit- 
ted that any evidence of the continued existence of the 
creative and modifying laws is still desirable, for the sake 
of corroboration. And such is the light in which I regard 
the facts which we possess regarding variations of ^'pe, 
and the production of some of the lower plants and animalu 
by means independent of generation. As in the process 
of an individual being, even after birth, we see the laws 
which preside over reproduction operating still in a faint 
degree in the defective nutrition which stunts, and the 
favoring conditions which advance and glorify, the state 
of infancy and youth, so might we expect that the lawi 
which originally spread the vegetable and animal Idng* 
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doms cirer the earth, would still, perhaps, be traceable at 
fointly at work, especiadly in those lower families where 
life and the modifiable quality are most abundantly im- 
parted. The evidence for the existence of such laws is 
patent to the exact observation which will give it philo- 
sophical certainty, and to such observation I trust it will, 
in time, be subjected. Meanwhile, I claim its being re- 
ceived as a provisional aid to the theory of development 

Thus closes my review of the objections which have 
been made to the evidences for an organic creation by 
law. Such a mode of that creation was, I said at the 
first, rendered likely by the manifestation of a presidency 
of law both in the [thysical arrangements of the universe 
and in the constitution of our own minds. ^ It seemed to 
me that, with evidences of law in these things, we had a 
strong probability established that law had been the mode 
of the divine working in the whole system revealed to 
our senses and reason, throughout all ages of its existence. 
And I believe that we were called upon, not to grasp at 
every objection to this idea which could be conjured out 
of the darkness of our imperfect knowledge, as if to save 
us from a disrelished conclusion, but rather to look with 
candid minds into nature, and endeavor to discover id 
what we do know the traces of such an origin of organi- 
zation as might harmonize with the conceptions forced 
upon us from other quarters ; trusting that there nevei 
could be any disadvantage from embracing that view 
which the balance of reason might show to be the near- 
est to truth. . The question is, to which view does the 
balance now incline ? Whether is it most likely that the 
Deity produced Being and its many-stagecf theatre in the 
jianner of order or law, or by any different mode of a 
more arbitrary character ; whether, consequently, are we 
to regard him as ruling the affairs of the world in the 
manner of an invariable order or otherwise ? I say likely, 
because we are not to expect on zny such questions the 
absolute demonstration which attends a mathematical 
problem or an unchallengeable vnriting. We must be 
content if we only can see a preponderance of reasons foi 
regarding the universe and its Author in one or other d 
those lights. To be prepared for a decision upon this ques> 
tion, it It proper that the reader should be presented with 
ft sketch of the theory opposed to that of universal ord«. 



When we set about describing this sjrttem, we art 
struck by finding it vague and unsteady, varying with 
every degree of intelligence in its votaries and every ad- 
dition made to science. The uneducated man regards 
the whole system of the world as resulting from, said de- 
{>ending upon, the immediate working and guidance of 
an Almighty being who acts in each case as'may seem to 
faim most meet, exactly as human creatures do. Persona 
of intelligence, again, usually admit a system of general 
laws, but for the most part entertain it under great reser- 
vations, or in connection with view's totally inconsistent 
with it We find Dr. Clark, fbr instance, admitting a 
course of nature as the ** will o£ God producing certun 
effects in a regular and uniform manner," but this will 
** being au'bitrary [an assumption, as far as natural means 
of knowledge are concerned], is, he says, as easy to be 
wUtered at any time as to be preserved.** 

Others cut off particular provinces of nature as excep- 
tions from the plan of constant order. Whatever part is 
dubious or obscure, to mankind generally or to themselves 
in particular, there they rear the torn standard of the ar- 
bitrary system of divine rule. Human volitions form such 
ft region to many who know not that Quetelet has reduced 
these to mathematical formulae, and that one of our owa 
most popular divines has written a Bridgewater Treatise, 
to dhow the predominance of natural law over mind, as a 
{voof of the existence and Wisdom of God. Some who 
give up this domain to law, find footing in other depart- 
ments of nature upon which science has not as yet poured 
any clear light. We shall presently see by what weak 
argument such exceptions are maintained. Meanwhile, 
it must be noted as important that all is micertaintv oa 
this side of the question — a strong presumption, were tiiere 
no other against it. 

One of the most remarkable reservations made of late 
^ears from the system of invariable order is that presented 
tn Dr. Wheweirs History of the Inductive Sciences. Ad^ 
initting that nature, as revealed to our senses, is a system 
of causation, this writer halts when he comes to consider 
the origin of language and of arts, the origin of species 
and formation of globes. These he calls palstiological 
sciences, because, in his opinion, we have to seek for an 
mmcient and different class of ca^seSy as affecting them, 
frcun any which are now seen operating '' In no palvtio- 
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logical sciences,*' says he, ** has man ! een able to arriYe al 
a beginniDg which is homogeneous with the known course 
of events. We can, in such sciences, often go very far 
back, determine many of the remote circumstances of the 
past series of events, ascend to a point which seenis to be 
near their origin, and limit the hypothesis respecting the 
origin itself; but philosophers have never demonstrated, 
and, so far as we can judge, probably never will be able 
to demonstrate, what ^as the primitive state of things 
from which the progressive course of the world took its 
first departure. In all these paths of research, when we 
travel far backwards, the aspect of the earlier portions 
becomes very different from that of the advanced part on 
which we now stand ; but in all cases the path is lost in 
obscurity as it is traced backward to its starting point : 
it becomes not only invisible, but unimaginable ; it is not 
only an interruption, but an abyss which interposes itself 
between us and any intelligible beginning of things."* 

Here we have the view of exceptions which is enter- 
tained by one of the chief writers of the day, and the su- 
perior of one of our greatest academical institutions. The 
professional position of Dr. Whewell ma^ be held to im- 
ply that we should receive from him a view at once lean* 
mg to the philosophical, and accommodated as far as pos- 
sible to the prepossessions expected in a large class of 
persons. It is remarkable, but not surprising, how weak 
IS the barrier which he has raised to stop our course to- 
wards a theory oi universal arrangement by ordinary nat- 
ural law. 

The necessity alleged by Dr. Whewell for a different 
■et of causes in the early times of our globe, and with re- 
^rd to the formation of that globe, is at the very first 
liable to strong suspicion, as reminding us much of that 
well-known propensity of nations, to fill up the first chap- 
ters of their nistory with mythic heroes and giants. The 
subjects of investigation are remote from common research ; 
they are not, and never could have been, chronicled in the 
manner of modern facts ; we are in the regions of the 
comparatively unknown — hence, something more magni- 
ficent or impressive than ordinary must be supposed. 
Such is the reasoning, or rather no-reasoning. The point 
at which extraordinary causes have tc be supposed is evi- 

* Fhtteiophy of tha Inductive Sciencei, uhmI IndteatioiM of thi 
Cnalor 
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dently quite arbitrary, resting exactly on the limits of the 
knowledge existing at any time, and always flying ii rther 
and further back,in proportion as our knowledge inci eases. 
Had Dr. Wheweli been wTiting fifty years ago, he would 
of course have included among his palsetiological scien- 
ces the formation of strata, and the intrusions of the gra- 
nitic and trappean among the aqueous rocks, which inge- 
nuity has since explained by existing causes ; — for there 
is not a single argument for his considering the formation 
of globes and origin of species as palaetiological, which 
would not have applied with equal force to these phenom- 
ena before the days of Pallas and Hutton. Against a 
theory of mere assumption — a reasoning from ignorance 
to ignorance — such considerations form serious objectiossL 
But let us come to closer argument. Let us inquire hvW 
the idea of a different set of causes for the more impop 
tant of these phenomena agrees with such exact knowl* 
edge as we have attained respecting them. 

" According to the nebular hypothesis," says Dr. 
Wheweli, "the formation of this our system of sun, 
planets, and satellites, was a process of the same kind as 

those which are still going on in the heavens 

But . . the uniformitarian doctrine on this subject 
rests on most unstable foundations. We have as yet only 
very vague and imperfect reasonings to show that by such 
condensation a material system such as ours could result ; 
and the introduction of organized beings into such a ma- 
terial system is utt^ly out of the reach of our philosophy. 
Here . . therefore, we are led to regard the present 
order of the world as pointing towards an origin altogether 
of a different kind from anything which our material 
science can grasp." Because the nebular hypothesis 
rests on unstable foundations, and ** nothing has been 
pointed out in the existing order of thin^ which has any 
resemblance or analogy, of any valid kind, to that crea- 
tive ener^ which must be exerted in the production of 
new specreji," — therefore^ according to Dr. Wheweli, we 
are ** driven to assume events not indtided in the course 
of nature^ as having formerly taken place Such is his 
reasoning. Now let us call to mind a few of the laws 
ascertained to have oeen concerned in the co0mic<^l ar- 
rangements, leaving for the meantime all that is doubtful 
in the nebular hypothesis entirely out of view. Tb«! pro- 
portion of the equatorijQ to the polar diameter di th^ earth 
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is exactly what a fluid mass rotating at such a rate €i 
speed would assume any day we might try the experiment 
The relative distances of the planets have heen deters 
mined by the relation of two laws of matter, so thoroughly 
patent in their working to modern observation, that a 
mathematician could ascertain this their result and an- 
nounce it from his closet, although he never had heard ot 
a planetary system in which it was exemplified. There 
ia surely here anything but a likelihood that different 
causes from those now existing and acting were the im- 
mediate means of producing the cosmical arrangements. 
May we not rather say that, whatever may have been the 
details of the formation of globes, we possess ample proof 
that it was a phenomenon evolved by virtue of exactly 
the same system of order which we see still operating 
upon earth? As to the origin of organic beings, our 
knowledge of geology comes to precisely a similar effect 
Admitting that we see not now any such fact as the pro- 
duction of new species, we at least know that, while such 
facts were occurring upon earth, there were associated 
phenomena in progress of a character perfectly ordinary. 
For example, when tfie earth received its first fishes, 
sandstone and limestone were forming in the manner ex- 
emplified a few years a^o in the ingenious experiments oi 
Sir James Hall : basaltic columns rose for the future won- 
der of man, according to the principle which Dr. Gregory 
Watt showed in operation before the eyes of our fathers , 
and hollows in the igneous rocks were filled with cryst^s, 
precisely as they could now be by virtue of electric ac- 
tion, as shown within the last few ^ears by Crosse and 
Becquerel. The seas obeyed the impulse of gentle 
breezes, and rippled their sandy bottoms as seas of the 
present day are doing ; the trees grew as now by favor 
of sun and wind, thriving in good seasons and pining in 
Oad ; this, while the animals above fishes were yet to be 
created. The movements of the sea, the meteorol<^cal 
agencies, the disposition which we see in the generality 
of plants to thrive when heat and moisture were most 
abundant, were kept up in silent serenity, as matters oi 
simply natural order, throughout the whole of the ages 
which saw reptiles enter in their various forms upon the 
sea and land. It was about the time of the first mamm^ 
that the forest of the Dirt Bed was sinldng in natural ruin 
amidst the sea sludge, as forests of the Plantagenotp havs 
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Deen doing for several centuries upon the coast of Eng- 
land. In short, all the common operations of the physi' 
cal world were going on in their usttal simplicity ^ obeying 
that order which we still see governing them, while the 
supposed extraordinary causes were in sequisition for the 
development of the animal and vegetable kingdoms 
There surely hence arises a strong presumption against 
any such causes. It becomes much more likely that the 
latter phenomena were evolved in the manner of law 
also, and that we only dream of extraordinary causes 
here, as men once dreamed of a special action of deity in 
every change of wind and the results of each season, merely 
because they did not know the laws by which the events 
in question were evolved. 

The writer of the critique in the Edinburgh Review is 
another representative of opinion on this subject whose 
ideas are worthy of notice. These ideas are not very 
clear, but I shall endeavor to gather them from the vari- 
ous parts of his paper where they are expressed. He 
ssys of certain animals (p. 60) — " They were not called 
into being by any law of nature, but by a power above 
nature." If he means by a law of nature something in- 
dependent of the Deity, I entirely concur with him. 
Most unquestionably the animals resulted from a power 
which is above nature, in the sense of its being the Au- 
thor of nature. He adds — " They were created by the 
hand of God, and adapted to the conditions of the period.*' 
If he here means a special exertion of the powers of the 
Deity, having a r^ard to special conditions, we part 
company, for my object is to show that animals were in- 
debted fur their gradations of advance to a law generally 
impressed by the Deity upon matter, and that their ex- 
ternal peciUiari ties are owing immediately to the agency 
of those very conditions to which they are supposed to 
have been adapted. I contend that there was no more 
need for a special exertion to produce (for instance) 
mammalia, than there is for one to carry a human foetus 
on from tihe sixth to the seventh, or from the eighth to 
the ninth month. I had remarked in no irreverent spirit, 
but the contrary, that the supposition of frequent special 
exertion anthropomorphises the Deity ; I find a similar 
idea expressed by one who will not be suspected of irrev- 
erence on such a subject, the pious and amiable Dod- 
dridge*-** When we assert,*' says he, ** a perpetual diviii% 
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agency, we readily acknowW^e that matteie ire so cod 
trived as not to need a divine interposition in a difieren' 
manner from that in which it had been constantly exert* 
ed. And it is most evident that an unremitting energy, 
displayed in such circumstances, greatly exalts our idea 
of Ood, instead of depressing it; and tnerefore, by the 
way, is so much the more likely to be true." Tho Edin- 
burgh reviewer denies that there is any lowering of the 
divine character in supposing a system of special exer- 
tion. " The law of creation," he says " is the law of the 
Divine will, and nothing else besudes. . . The fiat of 
the Almighty was sufficient at all times, and for all the 
phenomena of the universe, material and moral." 

" It may be true," he continues, ** that in the concep- 
tion of the Divine mind there is no difference between the 
creation of dead matter and its unbending laws, and the 
creation of organic structures subservient to all the func- 
tions of individual life. But such views are, and must be, 
above our comprehension. . . Each organic structure 
is a miracle as incomprehensible as the creation of a plan- 
etary system ; and each structure is a microcosm related 
to all other worlds within the ken of sense ; yet governed 
by laws and revolving cycles within itself, and implied in 
the very conditions of its existence. ^ What know we of 
the God of nature (we speak only of natural means,) ex- 
cept through the faculties he has given us, rightly em- 
ployed on the materials around us ? In this we rise to a 
conception of material inorganic laws, in beautiful har- 
mony and adjustment ; and they suggest to us the con- 
ception of infinite power and wisdom. In like manner we 
rise to a conception of organic laws — of means (often 
almost purely mechanical as they seem to us, and their 
organic functions well comprehended) adapted to an end, 
— and that end only the well-being of a creature endowed 
with sensation and volition. Thus we rise to a concep- 
tion both of Divine power and Divine goodness ; and we 
are constrained to believe, not merely that all material law 
is subordinate to His will, but that he has also (in the way 
he allows us to see His works) so exhibited the attributes 
of His will, as to show himself to the mind of man as a 
personal and superintending God, concentrating his will 
on every atom of the universe." The reviewer then cen- 
sures the language used in my book with respect to the 
idea of i pecial creatiTe eflbrts. ^ Does not our vnthoTi" 
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Miys he, ** see that he binds the Divinity (on his dismal 
material scheme) in chains of latalism as firmly as the 
Homeric gods were bound in the imagination of the blind 
jid poet ? . . The material system may end in down- 
right atheism ; or, if not, it stops short in the undeviating 
sequence of second causes. . Our view, on the con- 
trary, sees from one end of the scale co the other, the man- 
ifestation of a great principle of creation external to mat- 
ter — of final cause, proved by organic structures created 
in successive times, and adapted to changing conditions ot 
ihe earth. It therefore gives us a personal and superin- 
tending God who carcth foi' his creatures." 

If such be the best view of the opposite theory which a 
clever scholar and a man of science of the present day can 
give, that theory must certainly be regarded as in a very 
unpromising condition. He is, we see, for fiats or effort 
Adapted to special conditions. These may be, in the di- 
vine concepuon, identical with natural laws or the system 
of order ; but we cannot comprehend it. It is not given 
to our faculties to understand a matter so profound. Im- 
mediately after, he informs us that we have only these 
faculties to look to for information on this very subject ; 
and they tell uf — what ? — that the world is a system of 
law ! law, however, subordinate to the Divine will. Sure- 
ly, if our faculties cannot comprehend the point above 
stated, they must be equally unable to pronounce deci- 
sirely upon points so abstruse as law bein^ subordinate to 
wiU, and the attributes of that will showing us the Deity 
as a personal and superintending God. Were controver- 
sialists entitled thus to assume that the human faculties 
can pronounce upon one subject in their own way, but 
are struck powerless on approaching another tending to 
an opposite conclusion, there would, of course, be an end 
of all argument But even that exercise of the faculties 
which the reviewer admits of for his own purpose by no 
means goes to the conclusion at which he arrives. He 
refers but to a small portion of the divine works, when 
he speaks of ''organic structures created in successive 
times and adapts to the changing conditions of the earth.'* 
He cannot be ^P^mitted to assume that he has proved 
these to have been produced by special fiats or any other 
mode of special exertion, " in conformity with changed 
4S0Bditions :" on the contrary, his proposition is disproved, 
I. liear in many instaiices of conditionfl suitahle for 
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new beings cctmtless ages before the stdaible betn^t 
make their appearance, showins that such was not the 
principle to wnich we are solely to look fat the genesis 
of animals. But even though he were more successful 
on this point, he would still be required to show his the- 
ory of nats, in harmony with a system, the most impor- 
tant facts of which appear, on the contrary, to have taken 
their present forms and arrangements under the immedi- 
ate agency of the ** Unremitting Ener^." As to results 
which may flow from any particular view which reason 
may show as the best supported, I must &rmly protest 
against any assumed title in an opponent to pronounce 
what these are. The first object is to ascertain truth. No 
truth can be derogatory to the presumed fountain of all 
truth. The derogation must lie in the erroneous construc- 
tion which a weak human creature puts upon the truth. 
And practically it is the true infidel state of mind which 
prompts apprehension regarding any fact of nature, or 
any conclusion of sound ar^ment 

The ingenioiM Agassiz is equally disposed with Dr. 
Whewell and the Edinburgh Reviewer to except some 
part of nature as a domain for special intervention ; but 
ne wishes the limits of that domain to be ri^dly exam- 
ined, and reprobates the idea that such inquiries are be- 
yond our province. " If," says he, " it is an obligation 
on science to proclaim the intervention of a Divine power 
in the development of the whole of nature, and if it is to 
tffat power alone that we must ascribe all things, it is not 
the ]es3 incumbent on science to ascertain what is the in- 
fluence which physical forces, left to themselves, exercise 
in all natural phenomena, and what is the part of direct 
action which we must attribute to the Supreme being in 
the revolutions to which nature has been subjected. . . 
It is now time for naturalists to occupy themselves like- 
wise, in their domain, in inquiring within what limits we 
can recognize the traces of a Divine interposition, and 
within what limits the phenomena take place in conse- 
quence of a state of things immutably established from 
tne beginning of the creation. Let it not be said that it 
28 not given to man to sound these de^|^s : the knowl- 
edge he has acquired of so many hidden mysteries in past 
ages promises more extended revelations. It is an error 
io which the mind, from a natural inclination to indolence^ 
tllows itself too easily to incline, to believe impoesible 
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what it would take some trouble to inyesti^te. Wr 
senerally would impo9e limits to our faculties, rathei 
than increase their range by their exercise ; and the his- 
tory of the sciences is present to tell us that there ars 
few of the great truths now recognized which have not 
been treated as cliimerical and blasphemous before the^ 
were demonstrated."* 

Where men are so much perplexed between two oppo- 
site principles, led by science in the one direction and 
drawn by intellectual indolence or timidity in the other, 
it is not surprising to find them expressing opinions 
wholly contradictory. Sir John Herschel some years 
ago announced views strictly conformable to those subse 
quently taken <^ organic creation in my book. ** For my 
part," said he, ** I cannot but think it an inadequate con- 
ception of the Creator to assume it as granted that his 
combinations are exhausted upon any one of the theatres 
of their former exercise, though in this, as in all liis 
other works, we are led, by all analogy, to suppose that 
he^ operates through a series of intermediate causes, and 
that, in consequence, the origination of fresh species, 
could it ever come under our cognizance, would be found 
to be a natural, in contradistinction to a miraculous pro* 
cess, — although we perceive no indications of any process 
actually in progress which is likely to issue in such a 
result." In his address to the British Association at 
Cambridge, (1845,) he said, with respect to my hypothe- 
sis of the first step of organic creation — " The transition 
from an inanimate crystal to a globule capable of such 
endless organic and intellectual development, is as great 
a step— as unexplained a one — as unintelligible to us-<- 
and m any sense of the word <is miraculous, as the im- 
mediate creation and introduction upon earth of ever^ 
species and ever^ individual would be !" 

The reader will now be able to judge of the views op- 
posed to the theorjr of universal order. He observes that 
they are of no distinct unique character, but for the most 
part follow the measure of ignorance, and are maintained 
at the expense of consistency. It is not surprising that 
the idea of an or^nic creation by special exertion or fiat 
should be maintained by the advocates of these views, for 
it is one of the last obscure pieces of scientific ground on 
which they can show face. One after another the phe* 

* Jamasoa'f JoanxaU 1843 
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nemena of nature, like so many reYoiied principalittei^ 
have fallen under the dominion of order or law ; but here 
is one little province still faithful to the Boeotian govern- 
ment ; and as it is nea/ly the last, no wonder it is so vigor- 
ously defended. As, in the political world, however, 
men do not trust in the endurance of a dynasty which is 
reduced to a single city or nook of its dominions, so may 
we expect a speedy extinction to a doctrine which has 
been driven from every portion of nature but one or two 
limited fields. Several eminent authors of our age have 
even pronounced upon the question as already settled. 
** Our most deeply investigated views of the Divine gov 
ernment," says the Rev. Dr. Pye Smith, " lead to the 
conviction that it is exercised m the way of order, oi 
what we usually call law. God reigns according to im- 
mutable principles, that is, bff law, in every part of hvt 
kingdom — t?ie mechanical, the intellectual, and the moral; 
and it appears to be most clearly a position arising out 
of that fact, that a comprehensive germ which shaU ne- 
cessarily evolve all ftUure developments, down to the 
minutest atomic movements, is a more suitable attribu- 
tion to the Deity than the idea of a necessity for irregu- 
lar interferences."* 

In Blackwood's Magazine, a writer, understood to be a 
naturalist of distinguished ability, expresses himself in 
an equally decided manner : — ** To reduce to a system the 
acts of creation, or the development of the several forms 
of animal life, no more impeaches the authorship of cre- 
ation than to trace the laws by which the world is up- 
held and its phenomena perpetually renewed. The pre- 
sumption naturally rises in the mind, that the skme 
Great Being would adopt the same mode of action in both 
cases. ... To a mind accustomed, as is every educated 
mind, to regard the operations of Deity as essentially dif> 
fering from the limited, sudden, evanescent impu.ses ot 
a human agent, it is distressing to be compelled to pic- 
ture to itself the power of God as put forth in any other 
manner than in those slow, mysterious, tmiversal lawt 
which have so plainly an eternity to work in ; it pains 
the imagination to be obliged to assimilate those open- 
tions for a moment to the brief energy of a human will, 

or the manipulations of a human hand There ar« 

vtill, indeed, some men of narrow prejudices, whc loci 
' Letter to Dr Carpenter, appeLdix to Phil. Mag., zvL (1840.) 
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^spmi every fresh attempt to reduce the phenomena of 
nature to general laws, and to limit those occasions on 
which it is necessary to conceive of a direct and separate 
interposition of Divine power, as a fresh encroacnment 
on* the prerogatives of the Deity, or a concealed attack 
upon his very existence. And yet these very same men 
are daily appealing to such laws of the creation as have 
been already established for their great proofs of the ex- 
istence and wisdom of God! . . .[' He adds, **No, there 
is nothing atheistic, nothing irreligious, in the attempt to 
conceive creation, as well as reproduction, carried on by 
universal laws."* 

There is, however, no more interesting or valuable tes- 
timony to universal causation than that presented in the 
System of Logic of Mr. Stuart Mill. If, in the following 
extract, we were to substitute the creation of organisms 
for human volitions, it would apply remarkably well to 
the state <^ the argument presented in the present vol- 
ume: 

** The conviction thai phenomena have invariable laws, 
and follow with regularity certain antecedent phenomena, 
was only acquired gradually, and extended itself, as 
knowle^e advanced, from one order of phenomena to 
another, beginning with those whose laws were most ac- 
cessible to observation. This progress has not yet at- 
tained its ultimate point ; there being still one class of 
phenomena {human volitions,] the subjection of which 
to invariable laws is not yet universally recognized. So 
long as any doubt hung over this fundamental principle, 
the various methods of induction which took thatprinci- 
ple for granted could only afford results which i#re ad- 
missible conditionally, as showing what law the phe- 
nomenon under investigation must follow if it followed 
any fixed law at all. As, however, when the rules of 
correct induction had been conformed to, the result ob- 
tained never failed to be verified by all subsequent expe- 
rience, every such inductive operation had the effect of 
extending the acknowledged dominion of gener^ laws, 
and bringing an additional portion of the experience of 
mankind to strengthen the evidence of the universality 
tf the law of catuation ; until now at length we are fully 
warranted in considering that law, as applied to allphe- 
Domena within the range of human observation, tO'Stan4 
* fiaview of Yttitigc, Blackwood'^ Magazine, April, 1841. 
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on an equal footing in retpeet to evidence tnA fJk< 
ioms of geometry itself, % 

** I apprehend that the considerations which ^re, at the 
present day« to the proof of the law of unifcnmuty of sac* 
cession, as true of all phenomena without exception, this 
character of completeness and conclusiveness, are the fol- 
lowing : First, that toe now know it directly to he true of 
by far the greatest number of phenomena ; that there are 
none of which we know it not to be true, the utmost that 
can be said being, that of some we cannot positively, from 
direct evidence, aJ£rm its truth ; while phenomenon after 
phenomenon, as they become better known to tu, are con 
Btantly passing from the latter class into the former ; and in 
all cases in which that transition has not yet taken place, 
the absence of direct proof is accounted for by the rarity 
or the obscurity of the phenomena, our deficient means oi 
observing them, or the logical difficulties arising from the 
complication of the circumstances in which they occur ; 
insomuch that, notwithstanding as rigid a dependence 
upon given conditions as exists in the case of any other 
phenomenon it was not likely that we should be better ac- 
quainted with those conditions than we are. Besides this 
first class of considerations, there is a second, which still 
further corroborates the conclusioh, and from the recog- 
nition of which the complete establishment of the univer- 
sal law may reasonably be dated. Although there are 
phenomena, the production and changes^ of which elude 
all our attempts to reduce them universally to any ascer- 
tained law yet in every such case thephenorneniony ortheob* 
jccts concerned in it, are found in some instances to obey 
the kn^n laws of nature. The wind, for example, is the 
type of uncertainty and caprice, yet we find it in some 
cases obeying with as much constancy as any phenomena 
in nature the law of the tendency of fluids to distribute 
themselves so as to equalize the pressure on every side ot 
each of their particles; as in the case of the trade winds 
and the monsoons. Lightning might once have been sup- 
posed to obey no laws ; but since it has been ascertained to 
be identical with electricity, we know that the very same 
phenomenon, in some of its manifestations, is implicitly 
obedient to the Action of fixed causes. / do not believt 
that there is now one object or event in all our expen'enct 
(^nature, within the bounds of the solar system at least, 
which hat not tiiljtr been ascertained by direct obetrvatum 
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io follow lata of its own, or been proved to be exactly sim' 
ilar to objects and events, which, in more familiar mani- 
fiMtations, or on a more limited scale, follow strict laws 
oor inability to truce the same laws on the larger scale, 
•nd in the more recondite instances, being accounted for 
by the number and complication of the modifying causes, 
or by their inaccessibility to observation."* 

The whole question, then, stands thus. For the theory 
of universal order — that is, order as presiding in both the 
origin and administration of the world — we have the tes- 
timony of a vast number of facts in nature, and this one 
in addition — that whatever is reft from the domain of 
ignorance and made undoubted matter of science, forms 
a new support to the same doctrine. The opposite view, 
once predominant, has been shrinking for ages into lesser 
c^ace, and now maintains a footing only in a few depart- 
ments of nature which happen to be less liable than others 
to a clear investigation. The chief of these, if not almost 
the only one, is the origin of the organic kingdoms. So 
long as this remains obscure, the supernatural will have 
a certain hold upon enlightened persons. Should it ever 
be cleared up in a way that leaves no doubt of a natural 
origin of plants and animals, there must be a complete 
revolution in the .view which is generally taken of our 
relation to the Father of our being. 

This prepares the way for a few remarks on the present 
state of opinion with regard to the origin of organic na^ 
ture. The great difficulty here is the apparent determi- 
nateness of species. These forms of life being apparently 
unchangeable, or at least always showing a tendency to 
return to the character from which they may have diverg- 
ed, the idea arises that there can have been no progression 
from one to another; each must have taken its special 
form, independently of other forms, directly from the ap- 
pointment of the Creator. The Edinburgh reviewer says, 
^ they were created by the hand of God and adapted to 
the conditions of the period." Now it is, in the first 
place, not certain that species constantly maintain a fixed 
character, for we have seen that what were long consid- 
ered as determinate species have been transmuted into 
others. Passing, however, fpom this fact, as it is not 
generally received among men of science, there remain 
tome great difliculties in connection with the idea of spe* 

• Sfttvn of Logic, iL, 116. 



cial creation. First, we should have to suppose, as pointed 
out in my former volume, a most startling diversity of 
plan in the divine workings, a great general plan or sys- 
tem of law in the leading events of world-msiking, and a 
plan of minute nice operation, and special attention in 
some of the mere details of the process. The discrepancy 
between the two conceptions is surely overpowering, 
when we allow ourselves to see the whole matter in a 
steady and rational light. There is, also, the striking 
fact of an ascertained historical progre»9s of plants and 
animals in the older of their organization; marine and 
cellular plants and invertebrated animals first, afterwards 
higher examples of both. In an arbitrary system, we had 
surely no reason to expect mammals after reptiles ; yet in 
this order they came. The Edinburgh reviewer speaks 
of the animals as coming in adaptation to conditions ; but 
this is only true ia a limited sense. The ^oves which 
formed the coal beds might have been a fitting habitation 
for reptiles, birds, and mammals, as such groves are at 
the present day ; yet we see none of the last of these 
classes, and hardly any trace of the two first in that period 
of the earth. Where the iguanodon lived, the elephant 
might have lived ; but there was no elephant at that time. 
The sea of the Lower Silurian era was capable of sup- 
porting fish ; but no fish existed. It hence forcibly ap- 
pears that theatres of life must have lain unserviceable, 
or in the possession of a tenantry inferior to what 
might have enjoyed them, for many ages ; there surely 
would have been no such waste allowed, in a system 
where Omnipotence was working upon the plan of minute 
attention to specialties. The fact seems to denote that 
the actual procedure of the peopling of the earth was one 
of a natural kind requiring a long space of time for its 
evolution. In this supposition, the long existence of land 
without land animals, and more particmarly, without the 
noblest classes and orders, is only analogous to the fact, 
not nearly enough present to the minds of a civilized peo- 
ple, that to this day the bulk of the earth is a waste as fax 
as man is concerned. 

Another startling objection is in the infinite local varia- 
tion of organic forms. Did the vegetable and animal 
kingdoms consist of a definite number of species adapted 
to peculiarities of soil and climate, and universally dis- 
tributed, the fact wovid be n harmony with the idea of 
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special exertion. But the truth is, that various region! 
exhibit variations altogether without apparent end or pur* 

§ose. Professor Henslow enumerates forty- five distinct 
oras, or sets of plants, upon the surface of the earth, no* 
Withstanding that many of these would be equally suita- 
ble elsewhere. The animals of different continents arp 
equally various, few species being the same in any two, 
though the general character may conform. The infer- 
ence at present drawn from this fact is, that there must 
have been, to use the language of the Rev. Dr. Pye Smith, 
" separate and original creations, perhaps at different and 
respectively distant epoch'*.'* It seems hardly conceiva- 
ble that rational men shouid give an adherence to such a 
doctrine when we think of what it involves. In the 
■ingle fact that it necessitates a special fiat of the incon- 
ceivable Author of this sand-cloud of worlds to produci 
the fiora of St. Helena^ we read its more than sufficient 
condemnation. It surely harmonizes far better with our 
general ideas of nature to suppose that, just as all else in 
this far-spread scene was formed by the laws impressed 
on it at first by its Author, so also was this. An excep- 
tion presented to us in such a light appears admissible 
only when we succeed in forbidding our minds to follow 
out those reasoning processes to which, by another law 
of the Almighty, they tend, and for which they are adapted 
I feel that I have dwelt long enough on this part of the 
question, and yet there are a few geological facts which 
here call for special comment, and I am loath to overlook 
them. As is well known, most of the large carnivores 
and pachyderms of the late tertiary formations very closely 
resemble existing species; but they are, nevertheless, de- 
termined to be distinct species by Professor Owen and 
other eminent authorities, in consideration of certain pe- 
culiarities. The peculiarities are, in general, trifling, 
such as differences in the tubercles or groovings of the 
surface of teeth, or greater or less length of body or ex- 
tremities; but no matter of what the differences consist. 
Enough for the present that they are held by Mr. Owen 
and his friends to be of that character which are never 
passed in generation, but necessarily imply a new crea^ 
lion, a separate effort of Divine power. Now it so hap- 
pens that all ^ the tertiary species, or- so-called species, 
nave not been changed or extirpated. There is a Badger 
af the Miocsae, whiph cannot be distinguished from ths 
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badger of the present day. Our existing MeleB Taanm 
is, therefore, acknowledged hy Mr. Owen to be *' the oldeaC 
known species of mammal on the face of the earth.'* It 
is m like manner impossible to discover an^ difference 
between the present Wild Cut and that which lived in 
the bone caves with the hyaena, rhinoceros, and the tiger 
of the ante-drift era, all of which are said to be extincf 
species. So also the otter has survived since an early 
period in the pliocene, while so many larger animals were 
shifted. The learned anatomist takes occasion from these 
facts to speak of a survival by small and weak species of 
geological changes, which have been accompanied by the 
extirpation of larger and more formidable animals of allied 
species. The inference from the facts and doctrines of 
this school is, that Divine power has seen fit to change 
the species of elephants, rhinoceroses, tigers, and bears, 
using special miracles to introduce new ones, one with 
perhaps an additional tooth, another with a new tubercle 
or cusp on the third molar, and so forth, while he has 
seen no occasion for a similar interference with the otter, 
wild cat, and badger, which accordingly have been left 
undisturbed in their obscurity. Such may be the belief 
of men of science anxious to support a theory; but as» 
suredly it will never be received by any ordinary men of 
fair understandings who may be able to read and compre- 
hend the works of Mr. Owen. It were too much for even 
i child's faith. Yet the Edinburgh reviewer, a member 
of this school, talks of "credulity ! " 

Perhaps it is but justice to Professor Pictet to notice 
his partial dissent from the rei&^ning doctrine on this point 
This learned person, finding that the elder alluvion of the 
Swiss valleys presents mammals identical with those 
which now live there, though accompanied by remains 
of elephants, and considering further that ** the bats, 
shrews, moles, badgers, hares, &c., of the caverns appear 
to be identical with our own," concludes that the follow 
ing was the order of events as they occurred in Europe: 
** The species now living, and some others, were cresSted 
at the commencement of the diluvial epoch. Partial in- 
undations and changes of temperature caused some of 
them to perish, such fis the mammoth, the species of 
bear having an arched forehead, the hyaenas, the stag 
with gigantic horns, the rhinoceros, hippopotamos, &c. ; 
but the greater number of the species escftp«Nl t^ttm 
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causes of destruction, and still live. Besj|de those which 
I have mentioned, and others which I have noticed in the 
body of my work, it is possible, for example, that the 
Ursus Pi-iscus may he the original of recent bears, &c. 
It may be said," he adds, *' that this idea is opposed to the 
theory of the peculiarity of species in each formation, and 
to that of successive creations . . . but I cannot, on that 
account, refuse to adopt an explanation of facts which 
seems to me evident. The state of theoretical palaBon- 
tology is still too uncertain to allow of our attaching 
ourselves too strongly to this or that hypothesis. It is 
the study of facts which is essential, and we must en- 
gage in that study unbiassed by preconceived ideas 
or particular systems.*** I would commend this opin- 
ion of one of the first men of science in Europe 
to those British savans who regard a greater plica- 
tion of the enamel in a horse's tooth, or a ridge on a 
turbinated shell, or a spot on a butterfly's wing, as the 
proof of a special interference of that Deity who wheeled 
the orbs into space by a tranquil expression of his will. 
But M. Pictet must himself revise his opinions. He must 
quickly perceive that the rule which he lays down for 
there being no new creation since the diluvial epoch is 
equally conclusive against new creations at any anterior 
time. There is a persistency of certain shells since the 
beginning of the tcrtiaries ; if, then, the moles and bad- 
gers be in any degree a proof that the present bear is a 
modification of the Ursus Priscus, so also are these shells 
a proof that all the present mammals are modifications ot 
those of the eocene. Several shells, a^in, of the sec 
ondary formation stra^ling into tertiaries, are not less 
conclusive, in rigid reasoning, that all the tertiary species 
were descended from the secondary, although the wide, 
unrepresented interval at that point allowed of a greater 
transition of forms. In short, the whole of the divisions 
constructed by geologists upon the supposition of exten- 
sive introductions of totally new vehicles of life must 
give way before the application of this rule, and it must 
be seen that what they call new species are but variations 
upon the old. What, then, will remain to be done be- 
fore the theory of progressive development be adopted ? 
Only, as the candid reader will readily surmise, that the 

•Trait6 El^mentaire de Paleontoloeie ; i S69, 1844. AfU 
Jameton't Joarnal, Oct, 1846. 
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cnltiyators of science should allow themselyes to fallow 
the dictates of reason, against the behests of prejudice! 
unworthy of them and of their age. 

Time is the true key to difficulties regarding appear- 
ances of determinatcness in species. Few of us, not even 
geologists, have ever realized in our minds the extent of 
time which has elapsed since the beginning of life upon 
this globe. Mr. Lyell, without intending to favor the de- 
velopment theory, lends us powerful testimony on this 
Eoint. After showing reason to believe that about tbirty- 
ve thousand years have pa.s3ed since the Niagara be^n 
to cut down the rock through which it flows, during which 
time the living moUusks, whether marine or terrestrial, 
are proved to have undergone no change, he thus proceeds 
— " If such events can take place, while the zoology of 

he earth remains almost stationary and unaltered, what 
iges may not be comprehended in those successive tertia- 
ry periods during which the Flora and Fauna of the globe 
have been almost entirely changed ! Yet how subordi- 
nate a place in the long calendar of geological chronology 
do the successive tertiary periods themselves occupy ! 
How much more enormous a duration must we assign to 
many antecedent revolutions of the earth and its inhabi- 
tants ! No analogy can be found in the natural world to 
the immense scale of these divisions of past time, unless 
we contemplate the celestial spaces wnich have been 
measured by the astronomer. Some of the nearest of these 
within the limits of the solar system, as, for example, the 
orbits of the planets, are reckoned by hundreds of mil- 
lions of miles, which the imagination m vain endeavors to 
erasp. Yet one of these spaces, such as the diameter of 
ihe earth's orbit, is regarded as a mere unit, a mere infin- 
itesimal fraction of the distance which separates our sun 
from the nearest star. By pursuing still further the same 
investigations, we learn that there are luminous clouds, 
scarcely distinguishable by the naked eye, but resolvable 
by the telescope into clusters of stars, which are so much 
more remote, that the interval between our sun and Sirius 
may be but a fraction of this larger distance. To regions 
of space of this higher order in point of magnitude, we 
may, probably, compare such an interval of time as that 
which divides th^ hnman epoch from the origin of the co* 
rallint limestone, over which ihe Niagara is preeifitated 
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•e the Falls. Many have been the sacceasiye reyolutions 
IQ organic life, and many the vicissitudes in the physical 
geography of the globe, and often has sea been converted 
into land since that rock was forsied. The Alps, the 
Pyrenees, the Himalaya, have not only begun to exist as 
lofty mountain chains, but the solid materials of which 
they are composed have been slowly elaborated beneath 
the sea within the stupendous interval of ages here allu- 
ded to.*»* 

If time, to anything like the amount here insisted on, 
have retlly elapsed between the commencement of life 
and its attaining its highest forms, we must see that the 
space comprised by the life oi an individual, or even that 
longer portion during which mankind have been watch- 
ing the wonders of nature, is not sufficient to allow more 
than a chance of any transition of species being or having 
been observed, except perhaps in the humble fields where, 
as was formerly remarked, reproduction is most active 
and types least defined. If, however, even in our limited 
command of this grand element, we can detect such 
transitions as those amongst the cerealia, or in a com- 
mon infusion, may we not well suppose that much greater 
have taken place in the course of the vast series of ages 
here described ? Absolute proof on such a point may be 
impossible ; but nearly the same effect may be reached, if 
we see vestiges of the supposed facts in living phenom- 
ena, just as we conclude upon the formation of stratified 
and igneous rocks from seeing similar phenomena, gen 
erally on a smaller scale, taking place before our eyes. 

There is another mode of attaining the means of a 
tolerably definite conclusion, where perfect proof is un- 
attainable. This is to show a portion or fraction of the 
entire phenomenon, in conformity with the hypothesis as 
to the whole. Now this can be done in the case under 
consideration. There are isolated parts of the earth, 
which we know to have become dry land more recently 
than others. Such is the Galapagos group of islands, 
situated in the Pacific, between five and six hundred miles 
from the American coast. They are wholly of volcanic 
origin, and are considered by Mr. Darwin as having been 
raised out of the sea " within a late geological period.'* 
Here, then, is a piece of the world undoubtedly youn^er» 
•o to speak, than most oA.her portions ar? in their totality, 
* TnTcb in North America, i., A9 
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that is to say, it has been dry land for a m 'ch less ^iao» 
of time, though one still considerable. What are tha 
organic productions of this curious archipelago ? In the 
first place, they are ** mostly aboi*iginal creations, found 
nowhere else," though with an affiiiity to those of Amer- 
ica. Many of them are even peculiar to particular islands 
in the group. But the remarkable fact bearing on the 
present inquiry is, that, excepting a rat or a mouse on 
two of the islands, supposed to have been imported by 
foreign vessels, there are no mammals in the Galapagos. 
The leading terrestrial animals are reptiles, and these 
exist in great variety, and in some instances of extraor- 
dinary size. Lizard^ and tortoises particularly abound. 
There are also birds, eleven kinds of swimmers and 
waders, and twenty-six purely terrestrial. All this har- 
monizes with our ideas of the world in general at the 
time of the oolites. It speaks of time being necessary 
for the completion of the animal series in any scene of 
its develoj)ment. The Galapagos have not had the full 
time required for the completion of the series, and it is 
incomplete accordingly.* The entire harmony of this 

* In the Vestiges, Australia is spoken of, for the same reason, as 
apparently a new country, one which has been belated in its phys- 
ical and organic development. We have there an order, or what 
IS called an order, of mammals, namely, the marsupialia, besides a 
few monotremata ; all of which may be regarded as only mamma* 
lian apices of certain bird families. The placental mammalian are 
wholly wanting. One might suppose that the reasoning on which 
the comparative recentness of this continent was inferred would 
nave been readily intelligible, and that not even the most ingeniouff 
pervprseness of opposition could have hung a remark upon it. 
Yet the Edinburgh Reviewer presents a note (p. 58), stating thni 
on my own scheme of nature, New Holland ou^ht to have bees 
considered as one of the oldest countries. " He might have argued 
(from its flora, its cestracconts, its trigonise, and its marsupials) 
that it was as old as our oolites ; but this would not have served 
the good ends of the scheme of development. An amusing exam 
pie of inconsistency." By old, I presume, is here meant duration 
m the condition of dry land. I thoroughly agree with the West 
minster Review, when it says of this passage, " A more complete 
miscomprehension of reasoning we have never met with." Assu- 
redly it may well be held up, as that Review holds it, " as a wanv 
ing to believers in exparte criticism." The fact is, since, as Pro- 
fessor Phillips admits, there has been no break in the chain oi life 
from the beginning, our other continents, whatever minor changes 
they may have undergone, have continued without any entire 
submergence since at least the commencement of terrestrial life. 
They are, therefore, older than Australia could be presumed to be, 
•ven upon the principle hinted at by the Edinburgh reviewer 
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fact does, I must confess, strike my mind for< ibly. Had 
there been mammals and no reptiles, it would have been 
quite different. We should then have said that one de- 
cided fact against the development theory had been ascer- 
tained. A minor circumstance in the zoology of these 
islands is worthy of note. The swimming and wading 
birds are less diverse from those of the rest of the world 
than the terrestrial species, all of which but one are 
decidedly peculiar. The same holds good regarding the 
shells and the insects. Here we have the terrestrial an- 
imals spreading out into numerous variations, according 
to the greater variety and the more peculiar character 
of the circumstances determining their or^nization.* 
Mr. Darwin has likewise observed such facts in the natu- 
ral history of solitary islands, as induce him to express 
his belief that **the waders, after the innumerable 
web-footed species, are generally the first colonists of 
small islands.** It is his supposition Ihat the birds m 
those instances are immigrants ; but I must advert to the 
fact, as strikingly in harmony with my hypothesis of de- 
velopment, which was certainly formed without any 
knowledge of this illustration. 

Another mode of proof in the difficult circumstances 
with which we are dealing, is to show that the hypothe- 
sis will account, on a principle of law, for certain facts 
which we must otherwise suppose to be wholly capri- 
cious and accidental. The hypotnesis is, that, as a general 
fact, the progress of being in both kinds has been from 
the sea towards the land. Marine species of plants and 
animals are supposed to be, in the main, the progenitors 
of terrestrial species. Life has, as it were, crept out ot 
the sea upon the land. This, of course, leads us to con- 
sider the distribution of vegetable and animal forms in 
the sea, and the effect which these may have had in de- 
termining the Flora and Fauna of particular detached 
provinces. We would necessarily suppose that any particu- 

Bat is not that principle utterly absurd, impl}^ing as it does that 
life had stood still in Australia at one point, wmle it was advancing 
to the highest forms in other countries ? Nay, that the agencies 
employed in the formation of rocks had been stopped there, for 
perhaps a third of the time of the earth's existence 7 The note 
would not be worthy of this analysis, but that the self-compla* 
eenc^ of the writer is so apt to impose upon readers who do not 
inquire for themselves. 
' See Darwin's Journal of a Voyage Bound the World, c xvu. 
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lar Flora or Fauna occupying a certain geographical area 
in the ocean would be apt to become the common source 
of the Flora or Fauna of any masses of land adjoining to 
it. Now we shall see how the facts harmonize with this 
Yiew. Wherever there is a group of islands standing 
much apart, its plants and animals are never found allied 
to those of any remote region of the earth, but invariably 
■how an affinity to those of the nearest larger masses ot 
Istnd. Thus, for example, the Galapagos exhibit general 
characters in common with South America ; the Cape 
de Verd islands, with Africa. They are, in Mr. Darwin's 
happy phrase, satellites to those continents in respect of 
natural history. Again, when masses of land are only 
divided from each other by narrow seas, there is usually 
a community of forms. The European and African shores 
of the Mediterranean present an example. Our own 
nlands afford another of far higher value. It appears that 
the flora of Ireland and Great Britain is various, or rather 
that we have five floras, or distinct sets of plants, and 
that each of these is partaken of by a portion of the oppo- 
site continent. There are, 1st, a flora confined to the 
west of Ireland, and imparted likewise to the north-west 
of Spain ; 2d, a flora in the south-west promontory of 
England and of Ireland, extending across the Channel to 
the north-west coast of France ; 3d, one common to the 
south-east of England, and north of France ; 4th, an Al- 
pine flora developed in the Scottish and Welsh High- 
lands, a(nd intimately related to that of the Norwegian 
Alps; 5th, a flora which prevails over a large part of 
England and Ireland, ** mingling with the other floras, 
and diminishing, though slightly, as we proceed west 
ward;'* this bears intimate relations with the flora of 
Germany. Facts so remarkable would force the merest 
fact-collector or species-deo ^minator into generalization 
The really ingenious man who lately brought them under 
notice,* could only surmise, as their explanation, that the 
spaces now occupied by the intermediate sea3 must have 
oeen dry land at the time when these floras were created. 
In that case, either the original arrangements of the floras, 
or the selection of land for submergence, must have been 
apposite to the case in a degree far from usual. The ne- 
cessity for a simpler cause is. obvious, and it is found in 

* See a paper, read by Professor Edward Forbes, tt Cambzids« 
- . 1845. in Literary Oazette, No. 1464 
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the hypothesis of a spread of terrestrial vegetation from 
the sea into the lands adjacent The community of forms 
in the various regions opposed to each other merely indi- 
cates a distinct marine creation in each of the oceanic 
areas respectively intei:)osed, and which would naturally 
advance into the lands nearest to it as far as circumstances 
of soil and climate were found agreeable.* 

There is still the difficulty of accounting for the orig- 
ination of the first forms of life in the various lines after- 
wards pursued to a high development. How was the in- 
organic converted into the first rudiments of the organic ? 
Whence, and of what nature was the impulse that first 
kindled sensation and intelligence upon this sphere f A 
suggestion on these subjects is hazarded in my book ; but 
though we were to consider the matter as an entire mys- 
tery, it is, after all, only so in the same degree, and to the 
same effect, as the cemmencement of a new being from a 
little germ is a mystery to us, although we know that it is 
one of the most familiar of all natural events. This last 
marvel we know to be under natural law, though we can- 
not otherwise explain it. If we can regard the origin and 
development of life upon our planet as having been 
equally under natural law, the whole point is gained ; for 
we are not so much inquiring in order to say how ? as 
was it toUhin or beyond the natural ? We have seen, 
then, as I conceive, that all the associated truths of 
science go to this point. The whole concur to say, that 
to believe an exception in this particular of the history 
of nature, is an absurdity. Difficulties there may be in 
treating the case positively ; some facts of inferior impor- 
tance may seem to point to an opposite conclusion ; but 
tR the balance of the two sets of evidences, those for a 
universality of natural law down-weigh the other beyond 
calculation. 

I have now to allude to a class of objections different 
from those made on scientific grounds, but fortunately not 

* It is, perhaps, hardlf necessary here to advert to any explana- 
tion which might be brought from the diffusion of seeds by ocean 
currents, because the directness of the opposition of the fields of 
these floras to each other across the Channel is obviouslv incou' 
sistent with that idea. In such a case, the constituents of the vr« 
rlous floras would have been confused amongst each other by thii 
iiversity of currents in the intermediate seas. Mr. Forbes plainly 
confesses this explanation to be inadmissible in the present caso.i 
and. of couiBe, it is not the right explanation In any other. 
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less easily replied to. It has appeared to various cntic0 
particularly to the writer in the Edinburgh Review, that 
very sacred principles are threatened by a doctrine of uni- 
versal law. A natural origin of life, and a natural basis 
in organization for the operations of the human mind, 
speak to them of fatalism and materialism. And, strange 
to say, those who every day give views of physical cos- 
mogony altogether discrepent in appearance with that of 
Moses, apply hard names to my book for suggesting an 
organic cosmogony in the same way liable to inconsid- 
erante odium. I must firmly protest against this mode 
of meeting speculations regarding nature. The object of 
my book, whatever may be said of the manner in which 
it is treated, is purely scientific. The views which I 
give of this history of org^anization stand exactly on 
the same ground upon which the geological doctrines 
stood fifty years ago. I am merely endeavoring to read 
aright another chapter of the mystic book which God has 
placed under the attention of his creatures. A little lib- 
erality of judgment would enable even an opponent of 
my particular hypothesis to see that questions as to 
reverence and irreverence, piety and impiety, are prac- 
tically determined very mucn by special impressions upon 
particular minds. He would see, for example, that the 
idea of attaching irreverence to a doctrine of natural law 
is only likely to arise in a mind which has been trained 
oy habit to regard the divine working as more special 
in its nature — precisely as, finding the Edinburgh re- 
viewer speaking of the whole works of the Deity as •* vul- 
gar nature '* (p. 53,) I feel that the impiety which such 
an idea expresses to my sense is only impietjr to me, who 
cannot separate nature from God himself, but it is not 
necessarily so to him, whose education has given him 
peculiar, and as I think erroneous conceptions on this 
subject. The absence, however, of all liberality on these 
points in my reviewers is striking, and especially so in 
those whose geological doctrines have exposed them to 
similar misconstructions. If the men newly emerged 
from the odium which was thrown upon Newton's theory 
of the planetary motions had rushed forward to turn that 
odium upon the patrons of the dawning science of geology, 
they would have been prefiguring the conduct of several 
of my critics, themselves hardly escaped from the rude 
hands of the narrow-minded, yet eager to j(dQ that rabbit 
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against a new and equally unfriended stranger, is if such 
were the best means of purchasing impunity for them- 
selves. I trust that a little time will enable the public to 
penetrate this policy, and als i the real bearing of all such 
objections. They must soon see that, if a literal inter- 

Sretation of Scripture is an insufficient argument against 
le true eeognostic history of our earth, so also must it be 
against all associated phenomena, supposing they are pre- 
sented on good evidence. 

" Some persons," says one of my reviewers, ** have a 
vague idea that there is something derogatory in the low- 
est form of animal life to have its origin in merely inor- 
ganic elements ; an idea which results, perhaps, not so 
much from any subtle and elevated conceptions of life as 
from an imagination unawakened to the dignity and the 
marvel of the inorganic world. What is motion but a 
sort of life 1 a life of activity, if not of feeling. Sup- 
pose — what, indeed, nowhere exists — an inert matter, 
and let it be suddenly endowed with motion, so that two 

g articles should fly towards each other from the utmost 
ounds of the universe ; were not this almosl as strange 
a property as that which endows an irritable tissue, or an 
organ of secretion ? Is not the world one — the creature 
of one God — dividing itself, with constant interchange 
of parts, into the sentient and the non-sentient, in order, 
so to speak, to become conscious of itself? Are we to 
place a great chasm between the sentient and the non- 
sentient, so that it shall be derogation to a poor worm to 
have no higher genealogy than the elen ent which is the 
lightning of heaven, and too much honor to the subtle 
chemistry of the earth, to be the father of a crawling 
subject of some bag, pr sack, or imperceptible globule 
of animal life. No : we have no recoil against this gen- 
eration of an animalcule by the wonderful chemistry of 
God; our objection to this doctrine is, that it is not 
proved."* 

As one example of the weakness of the opposition pre- 
sented by the Edinburgh reviewer on this ground, I may 
quote a passage in which he has also aimed at convicting 
me of being enamored of resemblances, and allowing my 
senses to be cheated by empty sounds. '* Every one," 
says he, <* has heard of the quickness of thought, and who 
has not heard of the velocity of the galvanic fluic ? Thera* 
* Blackwood's Magazine, April, 1846 
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fore, the speed of thought may be reduced to numben^ 
a man may think at the rate of 192,000 miles a second! 
We well know that the author may shelter himself under 
the juggle of his own words, and tell us that he speaks 
only of the transmission of our W:ll through the organs 
of the body. Let him, then, write in more becoming lan- 
guage.*' Now a man is surely entitled to be judged by his 
own words, or all judgment might as well cease. After 
showing that a galvanic battery produces at least some of 
the effects of the brain, and endeavoring to reconcile ordi- 
nary thinkers to the idea of their partial identity by insist- 
in? on the almost metaphysical character of the imponder- 
able agents, I said, in a foot-note, " If mental action is 
electric, the proverbial quickness of thought, that is, the 
guiekness of the transmission of sensation and will — may 
be presumed to have been brought to an exact measure- 
ment,** &c. I leave the reader to judge if language more 
direct and less delusive than this could have been em- 
ployed. With regard to the idea conveyed, the critic has 
perhaps forgot, or never known, that the mert^ of suggest- 
ing the identity of the electricity-driven clockwork of De^ 
luc with that operation of the brain which produces the 
pulsations of the heart, is claimed by his " model of phil- 
osophic caution,*' Sir John Hcrschel.* The expression 
used by that philosopher on the occasion^ ** If the brain be 
an electric pile,'* &c., ought doubtless to condemn him 
in the eyes of our critic as a man enamored of resemblan- 
ces, and a user of unbecoming phraseology — if our critic 
be a man of impartiality. But he must (if critics be capa- 
ble of such weakness) revise his opinion on the subject 
of resemblances. It might surprise even his self-confi- 
dent mind to find in what decisive terms their utility as 
one of the means of advancing in scientific observation is 
insisted on by this very " model of philosophic caution." 
He will find the passage at page 94 of the celebrated /)f*- 
course. 

After discussing the whole arguments on both sides in 
■o ample a manner, it may be hardly necessary to advert to 
ihe objection arising from the mere fact that nearly all the 
■cientific men are opposed to the theory of the Vestiges. 
As this objection, however, is one likely to be of some avail 
with many minds, it ought not to be entirely passed over 
If I did not 'ihink there were reasons independent of Jud^ 
* Discourse on Natural Philoiophy, p. 843 
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ment for the scientific class coming so generally to this 
conclusion, I might feel the more embarrassed in present- 
ing myself in direct opposition to so many men possessing 
talents and information. As the case really stands, the 
ability of this class to give at the present time a true re- 
sponse upon such a subject appears extremely challenge- 
able. It ii. no discredit to them, that they are, almost with- 
out exception, engaged, each in his own little department 
of science, and able to give little or no attention to other 
parts of that vast field. From year to year, and from age 
to age, we see them at work, adding no doubt much to the 
known, and advancing many important interests, but, at 
the same time, doing little for the establishment of com- 
prehensive views of nature. Experiments in however nar- 
row a walk, facts of whatever minuteness, make reputa- 
tions in scientific societies ; all beyond is regarded with 
suspicion and distrust. The consequence is, that philoso- 
phy, as it exists amongst us, does nothing to raise its vo- 
taries above the common ideas of their time. There can, 
therefore, be nothing more conclusive against our hypoth- 
esis in the disfavor of the scientific class than in that of 
any other section of uneducated men. There is even less ; 
for the position of scientific men with regard to the rest of 
the public is such, that they are rather eager to repudiate 
than to embrace general views, seeing how unpopular 
these usually are. The reader may here be reminded 
that there is such a thing in human nature as coming to 
venerate the prejudices which we are compelled to treat 
tenderly, because it is felt to be better to be consistent at 
the sacrifice of even judgment and conscience than to have 
a war always going on between the cherished and the 
avowed. Accordingly, in the case of a particular doctrine, 
which, however unjustly, is redded as having an ob- 
noxious tendency, it is not surprising that scientific men 
view it with not less hostility than the common herd. For 
the very purpose of maintaining their own respect in the 
concessions they have to make, they naturally wish to find 
all possible objections to any such theory as that of pro- 
gressive development, exaggerating every difficulty in its 
way, rejecting wherever they can, the evidence in its 
favor, and extenuating what they cannot reject ; in short, 
taking all the well recognised means which have been so 
often employed in keeping back advancing truths. If this 
looks Uke special ^ lead^ ng, I can only call upon th >. reader 
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to bring to his remembrance the im; «*essions which bif« 
been usually made upon him by the tr xnsactions of learned 
societies and the pursuits of individual men of science. 
Did he not always feel that, while there were laudable in* 
dustry and zeal, there was also an intellectual timidity 
rendering all the results philosophically barren ? Perhaps 
a more lively illustration of their deficiency in the life and 
soul of Nature-seeking could not be presented than in the 
view which Sir John Herschel gives of the uses of science, 
in a treatise reputed as one of the most philosophical ever 
produced in our country. These uses, according to the 
learned knight, are strictly material — it might even be 
said, sordid, namely, '* to show us how to avoid attempting 
Impossibilities — to secure us from important mistakes, in 
Exempting what is, in itself, possible, by means either in- 
adequate, or actually opposed to the end in view — to enable 
as to accomplish our ends in the easiest, shortest, most 
economical and most effectual manner — ^to induce us to at- 
tempt, and enable us to accomplish objects, which but for 
such knowledge we should never have thought of under- 
taking."* Such results, it will be fell, may occasionally be 
of importance in saving a country-gentleman from a hope- 
less mining speculation, or adding to the powers and profits 
of an iron-foundry or a cotton-mill ; but nothing more. 
When the awaking and craving mind asks what science 
can do for us in explaining the great ends of the Author 
of nature and our relations to Him, to good and evil, to life, 
and to eternity, the man of science turns to his collection 
of shells or butterflies, to his electrical machine, or his re- 
tort, and is mute as a child who, sporting on the beacb, is 
asked what lands lie beyond the great ocean which stretch- 
es before him. The natural sense of men who do not hap- 
pen to have taken a taste for the coleoptera or for the laws 
of fluids, revolts at the sterility of such pursuits, and, 
though fearful of some error on its own part, can hardly 
nelp condemning the whole to ridicule. Can we won- 
der that such, to so great an extent, is their fate in pub- 
lic oninion, when we read the appeal presented in their 
Khalf by the very prince of modern philosophers ? Or 
tan we say that where such views of •* the uses of divine 
philosophy" are entertained, there could be any ri^ht 
preparation of mind to receive with candor, or treat with 
^stice, a plan of nature like that presented in the Vestiges 
* Discourse on the Study of Natural Philosophy, p. 4ii 
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of Creation? No, it must be before another tribunal 
that this new philosophy is to be truly and righteously 
judged. 

It is important that these sentences be not misunder- 
fitood. There is both a necessity for the ascertainment olF 
detached facts, that we may attain to the elimination of 
principles, and a danger in premature generalization, as 
tending to mislead men from the true road to that result. 
But, on the other hand, scientific men are seen spending 
their time in wrong pursuits, merely for want of the tra- 
cings which are often supplied for their direction by hap 
py hypotheses. It is to the chilling repression of all ssd 
lency in investigation, which characterizes the scien 
tific men of our country^and age, that I object not to a 
due caution in selecting proper paths in which to ven- 
ture. The function of hypothesis in suggesting observa- 
tions and experiments is admitted by one of the most vig- 
orous thinkers of our time. ** Without such assumptions, 
science could never have attained its present state : thoy 
are necessary steps in the progress to something more 
certain. . . . The process of tracing regularity in any 
complicated and at fii*st sight confused set of appearances, 
is necessarily tentative : we begin by making any suppo- 
sition, even a false one, to see what consequences will 
follow from it ; and by observing how these differ from 
the real phenomena, we learn what corrections to make 
in our assumption. . . * Some fact,' says M. Comte; * is 
as yet little understood, or some law is unknown : we 
frame on the subject an hypothesis as accordant as possi- 
ble with the whole of the data already possessed ; and the 
science, being thus enabled to move forward freely, al- 
ways ends by leading to new consequences capable of ob- 
servation, which either confirm or refute, unequivocally, 
the first supposition.' . . . Let any one watch the man^ 
ner in which he himself unravels any complicated 
mass of evidence ; let him observe how, for instance, he 
elicits the true history of any concurrence from the in- 
volved statements of one or many witnesses ; he will find 
that he does not take all the items of evidence into his 
mind at once, and attempt to weave them together : the 
human faculties are not equal to such an undertaking ; he 
extemporizes, from a few of the particulars, a first rude 
theory of the mode in which the facts took place, and then 
looks a^ the other statements one by one, to ti^ whether 
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they can be leconciled with that provisional theory, xt what 
additions or corrections it requires to make it square with 
them. In this way .... we arrive, by means of hypo- 
theses, at conclusions not hypothetical.''* It was with the 
design of thus giving a direction to inquiry, and leading to 
views of nature previously little thought of, but unspeak- 
ably grander than those commonly entertained, that, too 
eager for truth to regard my own imperfections, I ventured 
upon my late speculation. When an ordinary reader 
judges of it, let him remember that the question lies, not 
Detween two philosophical theories, but between one phil- 
osophical theory and a view of nature which does not 
even profess to look to nature for a basis. As a system 
moreover, which finds none of the previous labors of sci- 
ence shaped or directed in favor of its elucidation, but all 
in the contrary way, it obviously calls for every reasona- 
ble allowance being made for ite defects. It may prove 
a true system, though one half of the illustrations present- 
ed by its first explicator should be wrong. 

For any mind competent to judge of the argument, 
ftere can be little need to insist upon the superiority of 
(he conclusions to which it leads, over the results which 
arise from more limited views of ordinary science. Ex- 
feting philosophy, halting between the notions of the 
enlightened and the unenlightened man, leaves us only 
puzzled. We know not how to regard the phenomena of 
the world, and our own relation to them. Many sink into 
a kind of fatalism which paralyzes the faculties ; others 
ascend into fantastic dreams which exercise a not less 
baleful influence. Some of the disastrous consequences 
are sufficiently conspicuous ; but many more blaze and 
expend themselves in privacy, known only in the circles 
where they have been so fatally felt. The entire conduct 
of a large portion of society, and more or less that of 
nearly all the rest, is regulated, or rather cast loose from 
regulation, by the want of definite ideas regarding that 
fixed plan of the Divine working, on the study and ob- 
servance of which it i^ evident that our secular happiness 
nearly altogether depends; Even acute men of the world 
are daily seen acting to their own manifest injury, in 
consequence of their utter ignorance of any system of law 

Sressing around them. With the great bulk of society, 
le is merely a following of a few inferior instincts, with 
•MUliSyttamof Logic. ' 
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a perfect blindness to contequences. By individuals and 
by communities alike, physical and moral evils are pa- 
tiently endured, which a true knowledge of the syitem 
of Providence would cause to be instantly redressed. 
Daily health and comfort, lif $ itself, are sacrificed through 
the want of this knowledge. It is not in the heyday ol 
cheerful, active, and prosperous existence, or when we 
look only to the things which constitute the greatness of 
nations, that we become sensible of this truth. We must 
seek for convictions on the subject beside the death-beds 
of amiable children, destroyed through ignorance of the 
rules of health, and hung over by parents who feel that 
life is nothing to them when these dear beings are no 
more; in the despairing comfortlessness of the selfish, 
who have acted through long years on the supposition 
that the social affections could be starved hurtlessly ; in 
the pestilences ravaging the haunts of poverty, and re- 
venging, in a spreading contagion, the neglect by the rich 
of the haplessness of their penury and disease-stricken 
neighbors ; in the canker of discontent and crime, which 
eats into the vitals of a nation in consequence of an un- 
limited indulgence of acquisitiveness by those possessing 
tile most read^ natural resources and standing in the most 
fortunate positions ; in the national degradation and mis- 
ery which follows war entered upon in the wantonness 
of pride, greed, and vanity. Doubtless were the idea 
vitally present in the minds of all men, that from laws 
of unswerving regularity every act, thought, and emotion 
of theirs helps to determine their own future, both by iti 
direct effects on their fate, and its reflection from the 
future of their fellow-creatures, and this without any 
possibility of reprieve or extenuation, we should see 
society presenting a different aspect from what it does, 
the sum of human misery vastly diminished, and that of 
the general happiness as much increased. 

I am not to attempt a particular defence of the new 
view of nature from various odiums thrown upon it, for 
this can only be rightly done when time has abated pre- 

{'udice, and shown more clearly the relation of this phi- 
osophy to all other views cherished by civilized nations. 
But I may meanwhile remark its harmony with the great 
practical principle of Christianity, in establishing the 
•niversal brotherhood and social communion of man. 
And not only this, but it extendi the principle of human* 
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itjjr to the meaner creatures also. Lite is eyerywhei* 
oirs. The inferior animals are only less advanced typei 
of that form of being perfected in ourselves. Constituted 
as its head — with a peculiar psychical character and des- 
tiny by virtue of that position — we are yet essentially 
connected with the humbler vehicles of vitality and in- 
telligence, and placed in moral relations towards them. We 
are bound to respect the rights of animals as of our human 
associates. We are bound to respect even their feelings. 
And from obeying these moral laws, we shall reap as cer- 
tain a harvest of benefit to ourselves as by obeying any 
code (if law that ever was penned. The rule of force 
and of cruelty has hitherto prevailed in this department 
of the world's economy as between man and man; but 
the day of true knowledge will bring a better rule here 
also, and the many good qualities of these patient and 
unresisting ministers of our convenience will yet be ac- 
knowledged and dwelt on by all with admiration and love. 
Is our own position affected injuriously by this view, or 
can our relation to the universe and its Author be pre- 
sumed to be so ? Assuredly not. Our character is now 
seen to be a definite part of a system which is definite. 
The Deity himself becomes a defined, instead of a capri- 
cious being. Power to make and to uphold remains his 
as before, but is invested with a character of tranquillity 
altogether new — the highest attribute we can conceive in 
connection with power. Viewing him as the author of 
this vast scheme by the mere force of his will, and yet as 
the indispensably present sustainer of all; seeing that the 
whole is constructed upon apian of benevolence and jus- 
tice, we expand to loftier, more generous and holy emo- 
tions, as we feel that we are essential parts of a system so 
freat and good. The place we hold in comparison ii 
humble beyond all statement of a degree ; yet it is a cer- 
tain and intelligible place. We know where we stand, 
and have some sense also of our chronological place. 
The years of our existence occupy a space in that mighty 
series, during some earlier portion of which this globe, 
since the theatre of glories and of sorrows numberless was 
moulded into form. Arithmetic could state, if we knew 
it, the connection between the birth of a babe which saw 
the light an hour ago and the time when the elements oi 
our astral system began to resolve themselves into those 
couatless orbs, one of which is Man's, the stage of his long 



i oistory, and the bounds wiihin wbich all hii 
aecuhr iihennmena must ever be conGncd, The unit qf 
parh iodividoality, great or humble in social regard, takei 
atixed place in (hat march oriife which rose unreckoned 
ages ago, and niiw goes on to a "weird," which na wizard 
has pretended to knaw. We leel that, amidat all the dig- 
grace artroiiblD and trespass, we are itill the first form ot 
active being after the Greatest, and therefore may well bo 
itssared that, immeasurabl)' as is our distance from God, 
WB are still immediately regarded and eared fur by him 
Surely there Is here much to soothe and lo encourage, II 
nay be that the individual often suffers innocently to ap- 
pearance ID our present sphere; but then he is part of a 
system of assured benevulence and justice : having faith 
in this, he is safe. It mny be, as some one has suggested, 
that there is not only a tram of life lo the individual, but 
to the species, and Ibat when the proper time cornea, the 
prolilic energy being exhausted, man is transferred to the 
Itst of extinot forms. Strange thought, that (he beauteous 
phenontend oi persondl existence— the thrill of the lover, 
the mother's smile on cherub infancy, the brightness of 
loving firesides, the aspirations ofgenerous poets and phi' 
losopners, the thought cast op and bryond the earthlj, 
that petard which breaka down every door — the tear of 
penitence, the meekness of (he suffering humble, the 
ardor of the strong in good causes, all that the great and 
beneficent of all ages have felt, all that each of us now 
sees, and muses on, in his borne, his people, hia age, — 
that all cAise should be thus resolved; passing away whale 
" equinoxes" into the past, as far as wo particular men 
are concerned, still passing further back as respects tho 
larger personalities called nations, and still further la 
inconceivable multiplication with regard to the species — 
gone, lost, hushed in the stillness of a mightier death 
(ban has hitherto been thought of! Eut yet the faith mav 
not he shaken, that that wtiich has been endowed with 
the power of godlike Ihouiht, and allowed to come into 
communion with ita Elernal Author, cannot be truly lost. 
The vital flame which proceeded from him at first re- 
turna lo him in our perfected form at last, bearing with 
it all good and lovely things, and malting of all the far- 
—'--'■■--^ Put but one intense Fresant, elorioua and 



1 



398 C0MMxnncATi0N» bt 

COMMUNICATIONS BY H. WEEKE^^ ESQ 
Referred to at page 363 



Dea.1 Sir— Since the details of mj first experiments on the pro- 
tfnction of acari in close atmospheres were given to the world, 
tkrough the medium of the " Proceedings of the London Electrical 
Society," session of 1843, &c., and, about the same time, circulated 
among my scientific friends, in a reprint from the above-named 
work, as stated by you in a foot-note to page 187, first edition of the 
Vestiges, the subject has continued to occupy my attention, while 
the nature of my researches has been frequently modified by va« 
nations in regara to the form of the experiments, and their correl* 
ative arrangements. 

Incident to the period included by the last three years, many 
experiments on the subject have been completed ; others are even 
yet in progress ; and. however rigid were the conditions in any 
case adopted, thus much is certain, that the acari have mvariabf^ 

Speared in the several solutions under electrical influence, tokUe their 
sence has been as invariably remarked, in spite of the nicest scnUiny, 
in all negative tests provided to accompany the respective primary 
tSBperiments. 

The following may be taken as an example of the stringent cir- 
cumstances under which my latter experiments have been con- 
ducted f and although, in my own estimation, the evidence it yields 
is not one whit more conclusive than the results formerly made 
known, it is clearly free from certain objections urged agamst the 
first experiments, and is selected under an Impression that, if these 
conditions fail to show that the electric current is Uie agent by 
which the laws of organization have been promoted, then we have 
— ^maugre the Baconian philosophy — already trusted too much to 
experimental facts, with a view to the estabbshment of truth. 

It is by no means easy, even if practicable, independent of 
sketches, to convey a precise idea of the apparatus employed in 
the experiment I am about to communicate. I will, nevertheless, 
attempt to describe it with as much brevity and plainness as pos- 
sible. In the first place, I must mention that the arrangementi 
were originally of a three-fold character: — 1st. A close vessel 
containing a saline solution, and above it an artificial atmosphere , 
Sd. An open vessel containing the same solution, both acted upon 
by the same current psissing through them from a voltaic battery ; 
8a. Two glass jais standing on the same table, as n^^tive testi« 
and in ever^ way corresponding with the respective primary ves* 
sels, cxcoptlng that they had no wire appendages, and were an* 
electrified. 

The close vessel consists of a wide-mouthed glass Jar, capabls 
of containing a pint and a half of liquid, and is manufactiured from 
the purest and most transparent materisil. From the top, or shool* 
der of this jar, ascends to the height of an inch from tiie saROOBd* 
big suif ace, a remarkably stout and strong jxoQk» which presMlf 



W 1L. WEEKES, Esq. 399 

an opening of two inched diameter. Into this opening a thick me 
tallic plug^ or stopper, cast from " fusible alloy," is fitted perfectly 
air-tight, by a process of long and careful grinding. Perpendicn* 
larly through the metallic stopper, and at the distance of an inch 
from each other, so as to occupy the extremes of an equilateral 
triangle, are drilled three holes, each rather more than two-tenthg 
of an inch diameter, and into each of these is solder^, air-tight, a 
corresponding glass tube. The two principal of this series of tubies 
serve ue purpose of insulating a pair of stout copper wires, which 
pass longitudinally through them, and are united at each end by a 
joint fusion of the glass and metal. Two other wires of platina 

Eroeeed from the lower ends of the copper wires to nearly the 
ottom of the jar, where they terminate in closely-wound spirals, 
rather more than an inch apart, while the ends of the copper wires, 
projecting from the upper ends of their respective tubes, have 
conical cavities drilled out for the reception of a globule of mer> 
cury, by means of which communication with the voltaic battery 
is established. The third tube, passing first to the depth of an inch 
below the metallic plug, is bent above the latter into a siphon 
form, and contains in its curvature a globule of mercury weighinsr 
about three drachms, which acts as a valve for the occasionu 
escape of gaseous matter generated within the close vessel, and is, 
at the same time, a guarantee aeainst the ingress of any spwecies of 
insect life. The mercury emploved to form this valve was can* 
tiously distilled from the red sulphuret of that metal. 

By the side of the close vessel above described was placed, in 
the first instance, a glass tumbler, capable of holding half a pint 
of liquid. Through two pieces of mahogany, cemented to oppo- 
site inner surfaces of this second vessel, were made to pass two 
stout copper wires, terminating, like those adapted to the close jar, 
in platina spirals a little more than an inch apart near the bottom 
of the tumbler. The upper ends of these wires were similarly 
provided with longitudinal cavities also, drilled out for the recep 
tion of small globules of mercury, to complete contact and faciu* 
tate intercommunication. 

On the 2d of May, 1842, the apparatus, of which a description 
has been attempted, was set to work after the following manner : 
A solution of ferrocyanate of potass, prepared by carefully boiling 
two ounces of the salt in sixteen ounces of distilled water, being 
in readiness for the occasion, ten ounces of the liquid were trans- 
ferred to the glass jar, and immediately^ after an elastic metal pipe, 
in communication with an iron bottle in a state of white heat, and 
from which a stream of pure oxygen rapidly proceeded, was dipped 
into the solution in the jar. In this way, the gas, without passing 
through water, er being brought in contact with any external 
agent, continued to be suppliecT to the jar, until the entire atmo- 
sphere above the solution consisted of oxygen alone, when the 
metallic plug was deposited instantly in the neck of the jar, so as 
to cut off aU communication with the external air. The open 
vessel or tumbler being now placed by the side of the close appa- 
ratus, and four ounces of the solution before mentioned having 
been poured into it, the necessary communication between the 
two vessels was effected by means of suitable wires, and contact 
at the same time similarly established with the respective poles ol 
e constant battery of ten pairs. By means of this arrangement, 
tkB onxrent entere4 the open yes^el first, and then proceeded 
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tkrovuth. ihs lolntion in the close appanittu, in iU way to flie rmgf 
tive smIo. 

I matt liere mnark, that the electric current, immediately on it« 
first appttcatioA, was observed to decompose the solution with 
•uch energy, that I deemed it advisable to suspend the operation 
until the activity of the battery should be somewiiat modified, and 
it was not until the evening of the 6th of May that I could date 
the commencement of my experiment. 

A circumstantial record of all important changes connected 
with this experiment has been preserved, up to the present day, 
embracing a period of three years and three months, but 1 cannot 
conclude that any extracts from my memoranda would enhance 
the intentt of the present notice. I shall therefore prefer a brief 
■Hramary of the results ; first fffemising that two excellent con* 
•tant batteries have been suceessively worn out in the undertaking, 
and that the requisite changes were made without interruption to 
the electric current, wtiich is now transmitted by a water-battery 
oi twenty pairs, working with the characteriittic uniformity of this 
excellent species of voltaic contrivance. I would further remark 
that, from the commencement of the experiment, the battery and 
the respective vessels containing the solutions have been strictly 
excluded from the light, by means of a screen constructed for the 
occasion, and the entire proceeding has been confined to a retired 
room kept constantly locked, no one having access unless accom* 
panied by myself. My general habit has been to visit the arrange* 
ment once in two days, for the purpose of noting the progress, 
supplying the battery with crystals of sulphate of copper, making 
good the loss of fluids caused by the evaporation, &c. 

1. October 19th, 1343—000 hundred and sixty-six days from the 
commencement of the experiment— the first acari seen in connec- 
tion therewith, six in number and nearly full>grown, were dis* 
covered on the outside of the open glass vessel. On removing 
two pieces of card which had been laid over the mouth of thii ves* 
ael, several fine specimens were found inhabiting the under sur* 
faces, and others completely developed and in acUve motion here 
and there within the glass. 

October 30th. — Making my visit at an honr when a more favora- 
ble light entered the room, swarms of acari were found on the 
cards about the glass tumbler, both within and without, and also 
on the platform of the apparatus. At this identical hour Dr. J. 
Black favored me with a call, inspected the arrangements, and 
received six living specimens of the acarus produced from solution 
in the open vessel. No trace of insect life could at this time be 
discovered in the close vessel with an oxygen atmosphere. The 
solution in the open vessel had undergone very slight change of 
color, but exhibited a multitude of minute and beautifully colored 
crystals with a prevailing tinge of crimson. The solution beneath 
the oxygen atmosphere, about ten days after the voltaic current 
began to traverse it, had assumed a reddish-brown appearance, 
which gradually darkened in color until scarcely any ligh^could 
De transmitted through it, or the ascent of g^s from either of the 
electrodes perceived. 

3. Myriads of acari continued to be developed from the solution 
in the open vessel until the 30*h August, 1843, when it was found 
expedient to determine this division of the experiment, andconfina 
the operation of the electric current solely to the close arrange 
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■tent, in which no appearance of inieet life had yet been detected. 
Before removing the open vessel, I had, however, tho Mtiffactioi 
to supply therefrom abundance of living specimena to my acientiiia 
friends who had kindly interested themselves on the tubject, in 
various parts of England, Scotland, France, and America. 

3. In the beginning of the month of June, 1844, rather more 
than two years from the commencement of these operationp, the 
■olution in the doae vessel began to manifest signs of a most re- 
markable change, the results of constant, slow, and almost invisi- 
bled ('Composition. The apparatus was carefully tested, and found 
as at firstj perfectly air-tight, and the confined liquid was evidently 
returning to a paler red color, as well as a partially tn^nicent 
condition. These latter appearances rapidly ino^easad. tnd about 
the begin m'ng of September in the same year the solution had ao 

Suired a light amber color and perfect transparency, with abun^ 
ant flakes and scroll-like forms of irregnlwr oxyde of iron of a 
deep orange color, nearly coverii^ the bottom of the jar. Most of 
these had. doubtless, been detached in succession from the nega- 
tive platina spiral, and were conspicuous through the altered 
lolntion. It was while engaged in examining this singular accn- 
mulation of oxyde, by means of an excellent lens, that I saw for 
the first time an unequivocal proof of the existence of insect life 
within the close vessel Several spinous processes of the acari 
and other remains were detected floating on the surface of the 
solution, and others attached to the inside of the glass a few lines 
above the liquid, while, under circumstances somewhat more ob- 
scure, several entire dead insects were perceived amidst the flakes 
resting on the bottom of the jar. An omission — of secondary im- 
portance, it is true — was now for the first time apparent in the 
apparates : this was the want of a fitting shelf or resting-place for 
the insects ; a circumstance that my kind friend, Andrew Crosse, 
Esq., when he favored me with a visit a few weeks after, remarked 
almost immediately, and said, before he knew that acari had 
already appeared, " that they would fall in and be drowned almost 
as fast as they were produced.'* Mr. Crosse was right in his con- 
jecture, for although 1 have latterlv watched the proceeding with 
diurnal care, I have never identified the presence of more than two 
living issects at the same time within the close apparatus, and 
these have as speedily as invariably shared the fate or their pred 
ecessors. Notwithstanding the omission alluded to, 1 enjoy an 
increase of satisfaction in the knowledge that 1 have kept from my 
arrangements any substance which bv its introduction might have 
been suspected of vitiating the results, while the main object of 
the undertaking has in no wise suffered in Its accomplishment I 
have only to add my belief, founded on considerable experience 
and much observation, that insect life was first developed in ^M« 
division of my experiment some time in tho month of July, 1844 
about two years and two months from the commencement. 

I am, dear sir, yours faithfully. 
W. H. WEBxn^ 
San(*wich, 3d Sept., 1845. 
7^ (Ac Author of '• Vettigt of the Natural Histo^lf of CnatttrnJ* 
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ELECTRO-VEGETATION. 

On the 8d of October, 1843, 1 commenced ax* electro-chemical 
experiment, which has constantly, since that period, been in pro* 
gress, and will probably continue for some time longer. It is not 
necessary to the present notice that I should detail the objects of 
this undertaking, as the indications of a successful result induce 
me to suppose that paticulars may eventually be worth communi- 
cating to the scientific public. I shall therefore merely state that 
a cylindrical glass vessel, capable of containing about ten fluid 
ounces, with, a bottom of porous baked earth, and open at the top, is 
auspended in a convenient frame, is about three-fourths filled with 
a solution of refined sugar in distilled water, receiving occasional 
Buj^lies, and that the poles of a wsAer-battery of twenty-five pain 
terminate within an inch of each other in the solution before men- 
tioned, about an inch also from the bottom of the cylindrical vessel. 
Through the porous bottom alluded to, the saccharine liquid grad- 
ually percolated, during several months— that is, until its minute 
viaducts became completely obstructed. The solution thus filtered 
fell into a convenient glazed earthen jar placed under the appa- 
ratus, and was occasionally returned to the inside of the glass 
cylinder. 

About the beginning of September, 1843, a small patch of fungiii, 
of a peculiar character, was observed to have commenced forming 
on the outside of the glass, near its lower rim, but yet not in con- 
tact with the line of junction between the glass and its e&rthen 
bottom. At this period the solution had ceased to drop through 
the earthen diaphragm, and the incipient fungus occupied a spot 
on the outside of the glass directly oppotite the negative electrode 
within. This substance having, wnen first seen, a gelatinous ap- 
pearance, of a dark-brown color, by slow degrees extended. itself 
round the lower rim of the glass, forming an irregular band or 
zone, half an inch in breadth, and throwing out numerous protu- 
berances as it approached the positive side of the arrangement On 
the 29th of November, in the same year, the following note relative 
to this singular production occurs among my memoranda ; and as I 
cannot otherwise better describe its mature appearance, I shall 
subjoin the extract : 

" The substance of this fungus varies in color from a light choco 
late to that of a dark sanguineous red, and though formerly of a 
soft texture, it now offers considerable resistance. When viewed 
with an excellent pocket-leas— the only sort of microscope that 
can be brought to bear upon ft— a most singularly-beautiful species 
ef vegetation is seen to occupy its entire surface, presenting va- 
rious shades ot crimson, green, ollve« and green inclining to yellow. 
In its general appearance it at once suggests the idea of a magnifi 
cent forest, consisting of trees and flowering shrubs in miniature. 
In narticuiar spots, fane, downy, needle-like spires occur in vast 
multitudes, and these otherwise naked processes rising from the 
body of the fun|fU8 are surmounted by what appear to be seed 
▼esselo in some instances, and irregular feathery tufts in others." * 

* Shortly after the above note was entered in my memoranda, a 
small portion of the fungus, with its incumbent vegetation, was 
submitted to a powerful microscope, and a sketch made in accord 
■nee, which, for obvious reasons, canuot be here introduced. 
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Thit experiment wu not designed with any reference to xaj 
researches on the developfnent of the electrical acari, but swarms 
of these creatures appeared incidental to its progress, and, at the 
time the above note was made, many of them were seen inhabiting 
the miniature forest on the fungus, where they seemed to thrive 
amazingly, and to attain a larger size than any I have hitherto seen. 

About the autumn of the year 1844, the fungus had extended to 
the positive side of the arrangement, thus forming a continuoug 
circular band ; and it is not the least remarkable feature of its 
brief history, mat immediately on the completion of this event, 
the luxuriance and beauty of its vegetation were observed rapidly 
to decline. A portion of the fungous mass still adheres to the 
glass, but It is no longer an object of special interest. 

To what extent this singular and beautiful production it indebted 
to the action of an electric current constantly, and for a long time, 
traversing the saccharine liquid, in connection with which it ap* 
peared, I am not prepared, by the assistance of facts, at present to 
say, but the following suggestions occur to my mind as strong 
analogical reasons in support of its electrical origin, nature, and 
progress. 

Ist. I am tolerably conversant with most of the known fungi of 
this country, but am not acquainted with any species with which 
the one in question can be iaentified, or even be seud to resemble. 

2d. The-glazed earthen jar placed under the porous bottom of 
the cylinder to catch the filtered liquid, had, at the time the fungus 
originated, a considerable quantity of dark sacchttdjj^ matter re> 
sembling concrete molasses therein ; this was suflvred to remain 
as a negative test to the electrical character of the fungus, pre- 
suming the latter to have had its beginning in a portion of sugary 
deposit derived from the solution tlurough the porous diaphratrm : 
yet, though the surface of the residuum in the earthen jar presented 
the usual indications of mouldiness, no appearance of a fungoid 
kind, or that of minute vegetation, could at any time be detected 
within the unelectrified jar. 

3d. The commencement of the fungus at a point preeisely ear 
responding with the negative pole of the arrangement, its luxuriance 
and maturity in the intermediate space on the glass cylinder, and 
its decay on finally reaching the positive side, are in themselves 
facts pleading strongly in favor of electrical influence over the 
orgamzation of this remarkable species of vegetation. 

W. H. Wbbxbs. 

Sandwich, 6th Sept., 1846. 
IV fAc ^ Uhor of " Vestigei of the Natural History of CrtaUm ** 
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